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Weighed amount (0.5-2.0 g. depending tlic laboratory 

sample ivas taken in a conical flask and mx g.o papain (p.eparc^^^ ^ 

Xrre^a:Xr;:r resr::i^"e origma, metnod 01 Hards 
and Wang (i). 

Vitamin B. determinations in each sample summarised 

Wang’s method and tlie present modified method. The results < 

in Table I. 


TABLE I 


Comparison of results obtained by Harris and llTnig's method 
and the present modified method. 



Vihimin B, 

content /t/g. 


Vitamin B, 

Modified 

Material 

Sub-Committee 

method. 

method. 

I. Cereals. 



Oryza sativa 

2.5 


I. Sela rice* {BasunuUi) 


2. Eaw rice 

2.S 

2.9 

Wheat {Triticnm vnlgaro) 

3. Whole wheat {Tritiann vulgare) 

3-2 

30 

4 . Wheat flour 

2.9 

2.9 

5. Eagi (Eleucine coracana) 

2.5 

2-3 

6. Cholam {Sorghum vulgare) 

II. Pulses. 

3-6 

3-7 

7. Black gram {Phaseolus mungo) 

‘ 1-5 

A -7 

8. Horse gram {Dolichos hiflortts) 

4.2 

4.1 

tj. Green gram {Phaseolus racUatus) 

3-5 

3-3 

10. Cowpea {Vigna catiang) 

111. Oil Seeds. 

3-8 

3-7 

Groundnut {Arachis hypogea) 



11. A.H.32 (defatted flour fat content 



46.17%) Coimbatore 

20.0 

20.5 

12. A 11.25 (Coimbatore) flour defatted. 



fat content 49.5% 

16.5 

16.5 

13 A. II. 698 (Coimbatore, flour defatted. 



fat content 47.0%) 

19.1 

19.2 

14. Sesame {sesamum indicum) flour de- 



fatted, fat content 48.1%) 

9-5 

9-5 


i. Prepared by a special form of parboiling process known as se/a-process, widely 
adopted in Punjab and other parts of Nortbern India. Briefly stated the process consists 
in steeping the paddy in water for 24-48 hours and then gently roasted in hot sand in an 
iron pan. This form of rice is said to be superior in certain respects to ordinary parboiled 
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these was found to spread to a diameter of 8 inches. These solutions, eveii vnth 
the addition of castor oil, were found to be without any action on malarial la™ 
in 24-48 hours; whereas in the case of DDT the larvae were usually killed m 4 to 6 
hours. From these observations it might be safely concluded that the activity o 
these series of compounds depends upon the chlorine atom in the side-chain and the 
replacement of these by bromine destroys the activity. The nuclear halogen 
atoms do not appear to have any specific actions. 


Experimental. 


Condensation of bronial and chlorobenzene. — Bromal (21 g.), chlorobenzene 
(12 g.), sulphuric acid (50 cc., sp. gr 1.84) and fuming sulphuric acid (20% Soa, 
13 g.) were mixed in a three-necked round-bottom flask of 500 cc. capacity fitted 
uith a mercury-sealed mechanical stirrer, a condenser with guard-tube and a 
thermometer. The initial temperature was 25°. The temperature quickly rose 
to 40° on stirring and was maintained at 45 * 55 °- Granular crystals came down 
after 40 minutes and the stirring was continued for two hours more. The whole 
mass was then poured over crushed ice and left in a refrigerator. After 24 hours 
the clear liquid from the top was decanted off and the semi-solid mass was washed 
thoroughly with water. It w'as then stirred vigorously with hot water. This 
process was repeated twice. The crystals were then filtered, washed and pressed 
between filter papers to remove the adhering oil. The impure product was then 
crystallised from rectified spirit (charcoal) and finally from absolute alcohol in 
white needles, m.p. 137°. Yield 8 g. 

(Found: Cl, 15.12 ; Br, 48.37, CuHoCbBra requires Cl, 14.55 ; Br, 49.18%) 


Condensation of bromal and bromobenzene . — ^Bromal (14 g.), bromobenzehe 
(16 g.), sulphuric acid (50 cc., sp.gr. 1.84) and fuming sulphuric acid (20% SO3, 
18 g.) were treated in the manner stated above for 3 hours, the temperature being 
55*65°- The solid was filtered off, washed with hot water filtered and pressed 
between filter papers. A portion was crystallised from absolute alcohol (charcoal). 
White needles, m.p. 168°. 

(Found; Br, 68.23. CuHoBr-, requires Br, 69.32%). 


Condensation of bromal and iodobe^tzene — Bromal (12 g.), iodobenzene (13 g.), 
sulplnmc acid (50 cc., sp. gr 1.S4I and fuming sulphuric acid (20% SO.,! 20g.) 
wore treated as described above for 6 hours at 55-60’. The reddish-brown sticky 
ina.-^s was treated with hot water and then dried between filter papers The crude 
mas.s was treated ^vlth hot water and then dried between filter papers. The crade 
prcKluct was cn/stalhsed from cyclohexane, as colourless crystals, m.p. 180°. 
onne . r, 35.43 , I, 38.01. Ci,H,Br-,I: requires Br, 35.76 ; I, 37.85%). 

The author’s grateful thanks are due to Dr. S. C. Niyogi D Sc for his kind 
Prnlo '-'^ fVr'' T'’ '"'fl'' R"y. M.D., D.Sc., 
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STUDIES IN COMPOUNDS OF THE DDT TYPE. PART II 

J. BHATTACHARYYA, A. K. BUTT, H. BHOWMIK and S. N. RAY 
From Pharmaceutical Laboratory, Department of Applied Chemistry, 

University College of Science, Calcutta 

(Received for publication, December 3, 1946) 

The present communication deals with the condensation of sym-trichloro-, 
tribromo- and triiodo-benzene \tdth chloral. The object was to prepare com- 
pounds of DDT type, having six nuclear halogen atoms. 

The condensation of these halogen substituted benzenes with chloral presented 
some difficulty on account of their low solubilit}^ in concentrated sulphuric acid. 
In the case of the bromo-compound, the condensation was rendered more easy by 
dissolving it in pyridine and^then proceeding in the usual manner. It was found 
that in the absence of fuming sulphuric acid the condensation did not take place. 

Experimentai- 

Preparation of sym. tribroinobeuzeue: 

2:4:6 tribromoaniline, in fine powder (5 g.), was dissolved in alcohol vitli 
• healing. Solid sodium nitrite (3 g.) was next added to the boiling solution. To 
this mixture was then added dilute sulphuric acid from a dropping funnel, with 
constant stirring, the rate of addition being just sufficient to keep the liquid boil- 
ing. A w'hite solid separated during the initial stages which became brown 
tow'ards the end of tlie operation. When the liquid wus just acid in reaction, the 
addition of acid w'as stopped with the whole was allowed to stand overnight. I he 
precipitate was filtered, w'ashcd with water thoroughly and crj^stallised from dilute 
alcohol (charcoal) in ycllowish-wiiite needles. M.P. iig‘’C. Yicld-3.7 g. 

Preparation of 2 ; 4 : 6 : 2' : 4' : 6'-/iexrtc/i/oro diphenyl trichlorocthanc : 

2 : 4 : 6-triclilorobcnzenc (8 g.) was dissolved in calculated sulphuric acid 
(about 100 cc.) in a three-necked flask provided with a thermometer, condenser 
and liquid-scaled mechanical stirrer. Fuming sulphuric acid (2o3(, SO-, 6 ce.) was 
next added, followed b}' chloral (4 g.). The whole was vigorously stirred fur 12 
hours at a temperature between 40-45''C. At the end of thi.s periotl, a solid 
separated and the liquid was poured over cnished ice. A brown pasty mas^ was 
then obtained which was thoroughly washed with water and dried on a ponms 
plate. The crude product was ciystallised several times from dilute alco!u>! 
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(charcoal) rvhen a while noedlo-shapccl solid was obtained. M.P. loo”C. 

Yield-0.8 g. 

(Found Cl-65.23%; C.iHaCU requires Cl-65.10%). 

Properties.— The substance is insoluble in water, hot and cold, and also dilute 
acids and alkalies. It is fairly soluble in hydrocarbon solvents and in dilu 
alcohol on heating. It is also soluble, with difficulty, in acetic acid and easily 
chloroform, ether and carbon tetrachloride. 

Preparation of 2;4;6;2';4':4' hexabrovw diphenyl iricJilorocthane: 

In this preparation, tribromobenzene {5 g.) was first of all dissolved in pyri 
dine (about 20 cc.). The quantity of sulphuric acid added was about 150 cc. anc 
fuming sulphuric acid (20%SOs) 20 cc. The temperature maintained during die 
condensation was about 5o°C and the time allowed was 10 hours. ^ The reaction 
mixture was then poured on crushed ice and allowed to stand overnight in a re ri- 
gerator. The acid liquid was decanted off, the lower pasty mass washed with 
water and finally crystallised from alcohol. M.P. I2i-22''C. Yicld-2.5 g. 

(Found Cl-13.82%, Br-63.29%: Ct,H.-.ChBro requires Cl-13.94%, Br-63.20%). 

Properties. — Faint brown needles, insoluble in water and dilute acids and 
alkalies both hot and cold. Soluble in petrol, benzene, xylene, carbon tetrachlo- 
ride, difficultly soluble in acetic acid, acetone and methyl alcohol. 

Preparafi'ow of '.h'-hexaiodo diphenyl trichlorocthane: 

In this condensation chloral (0.5 mol) was condensed with 2:4:6 triiodobenzene 
(i mol) in the usual acid mixture at 55-6o°C for 12-15 hours. After this period, 
the crude product was obtained in the usual manner by dilution with crushed ice 
and was dried in vacuo over calcium chloride. The crude material was first dis- 
solved in alcohol under reflux and boiled for 30 minutes with the addition of char- 
coal, to remove colouring matters. The liquid was filtered hot and diluted with 
water when a faint yellow solid separated. This was filtered off and again dried 
in vacuo. The dry powder was then crystallised from benzene in light yellow 
needles. M.P. i69-70°C. The yield is 30% of theoretical . 

Properties. — Insoluble in water, dilute acids hot and cold. Soluble witli diffi- 
culty in hot alcohol, benzene, methyl alcohol and acetone. Easily soluble in 
xylene, chloroform, carbon tetrachlorde and ether. 


Physiological Action on Malarial Larvae 

Ihe three compounds were examined in 5% benzene solution and compared 
to a 5% benzene solution of DDT. The spreading power of the solutions were' 
almost equal to that of a DDT solution (about 6 inches), but the activity of the 
compounds were found to diminish with increasing molecular weight. The hexa- 
chloro diphenyl trichloroethane has 75% of the activity of DDT on malarial larvae, 
whi e the corresponding bromo and iodo compounds possess 62% and 42% of the 
insecticidal property of DDT respectively. 

Our best thanks are due to Dr. S. C. Niyogi, D.Sc. for his kind interest and 
advice and also to Prof. D. N. Roy, M.D., D.Sc., Professor of Entomology, School of 
Tropical Medicine, Calcutta, for the biological experiments. 
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NUTRITIONAL INVESTIGATION OF SUN DRIED FISHES 
AVAILABLE IN BENGAL 

K. C. SAHA, A. DEB and D. P. SEN 
from the Department of Applied Chemistry, University College of 
Science and Technology, Calcutta 

(Received for publication, .April ii, 1917) 

Fish constitutes one of the most important items of tlie dail}' diet of the peo- 
ple of Bengal. The reason no doubt is that Bengal della is covered with a net- 
work of rivers and canals and a considerable supply of fish is available more 01 
less throughout the year. During the seasonal glutts, a huge amoimt of fi.dies 
available and these fishes are prcsen’cd by the e.xisting crude method.s. The only 
known processing, practised in the province is sun drying and in some locaHtie^. 
salting and pickling. The total estimated product in Bengal including the Sylhet 
district is approximately 1225000 maunds annually. Thus sun dried fish is an im- 
portant part of food and the nutritional values of these prcscrx'cd fi^hc'^ dm rvc 
investigation. In our previous communication, analysis «if a few 12 sutki 'sun 
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dried) fishes available in Calcutta lotiTndncral, protein, 

ed from Contai curing centre. 


Experimental 

The methods adopted in these invcsUgations are tlic same 
previous papers (l-S). The results given in the tab es - °f 
Ld are based on the analysis of 2-3 samples of each variety of hsh. The 
gical name of most of the fishes could not be procured. 


TABLE I 

Mean values 0/ phosphorous, calcium, copper, iron {total) per 100 g- fishes. 


No. Local name 

Moisture 
per cent. 

Body fat 
per cent. 

Protein 
per cent. 

Ash 

per cent. 

1 . Halda Chingri 

2. Goga Chingri 

16.00 

15.00 

5-13 

56.01 

55-44 

21 .81 
21.28 

3. Sada Chingri 

16.40 

3-93 

50.76 

19-15 

4 . Bali Kanakda 

17 50 

9.01 

44.02 

24-52 

5. Tapsi 

16.20 

12.08 

58. 46 

17.20 

6. Rangi Chingri 

17.80 

— 

56.32 

22.89 

7. Pata machh 

12.60 

2.73 

64.58 

17-57 

8. Tangra 

13.80 

3-90 

54-89 

27.48 

9. Taltapra 

II. 00 

16.34 

54-52 

16.76 

10. Chiki 

14.58 

6.30 

54-69 

24.20 

II. Rupapatar 

[4.20 

14-25 

54-56 

15-50 

12. Modal machh 

15-50 

3-9S 

56.24 

23-30 

13. Shankhachur 

16.40 

6.13 

67-24 

8.95 

14. Joyali magur 

13-60 

5-44 

69.68 

8.74 

15. Tapra 

12.60 

8.95 

62.28 

15.10 


TABLE II 

Mean values of phosphorus, calcium, copper, iron [total) per 100 g. fishes. 


No. Local name „ 

Calcium 


5. Taps! 

6. Rang! Chingri 

7. Pata machh 

8. Tangra 

9. TaUapra 

10. Chiki 

1 1 . Rupapatar 
T2. Modal machli 
13. Shankhachur 
i-j. Joj-ali magur 
15- Tapra 


1596.8 

3846.7 

987.8 

842.7 

906.8 
1007.5 

889.8 

548-9 

779-7 

1804.0 

771-0 


Phosphorous 

mg. 

594-6 

827.6 

430.2 

400.2 

412.6 

512.7 

412.9 

448.2 

500.7 
892.6 

552.3 


Copper Iron 

mg. mg. 


1.2 

41.2 

1.4 

46.9 

0.72 

51-7 

0.58 

100.8 

0.82 

88.7 

1-7 

89.2 

1. 1 

43-7 

0.9 . 

22.0 

0.76 

11.9 

0.67 

22.06 

0.71 

19.26 



nutritional investigation of sun dried fishes 


IT 


Discussion 

In discussing the results a few points require clarification. Percentage of 
moisture of majority of samples varies between 12 to 17 ; moisture content of the 
sample no. 3 is as high as 30%. Optimum moisture percentage which stops 
bacterial growth is definitely below 12%. Thus it is evident that these sun dried 
fishes are not quite unsuitable a flora for bacterial growdh and naturally these 
fishes are invariably infected, decreasing their keeping qualities. For complete eluci- 
dation of this point, bacterial examination of these sun dried fishes should be 
carried out. 

The protein values of these fishes vary between 40 to 69% on moisture free 
basis, ff we compare these results with those of the dehydrated fishes (protein 
values lying between 90 to 85% on moisture free basis) low protein content of 
the sun dried fishes becomes obvious. The low' figure for protein results from the 
method of processing itself. In processing of sun dried fishes, evaporation of 
moisture is carried with the help of sun’s radiation and as such the process of eva- 
poration is naturally a slow one. Before the time w'hen percentage of moisture has 
reached its low'est limit protein begins to decompose through internal enzymes 
and infection resulting in low’ value of protein for the final product. 

The fat content varies w'idely from 2.03 to 14.25%. The figures for fat are 
not bad but the quality is definitely unw'holesome giving rancid smell. 

High figures for ash content, 8% to as much as 27-48% (Cf. ash content of 
dehydrated fish is between 3 to 5%) indicate likely contamination witli sand and 
mud during the process of curing. Though the values for ash is high, the values 
for phosphorous, calcium, copper are within the range of normal values. Abnor- 
mally high values for iron is definitely due to contamination with mud and sand. 

Thus, from every aspect, sun dried fishes are unsatisfactorj’ for consumption. 
The reason underlying the production of such an inferior stuff lies in the process 
itself. Furthermore, the process of sun drjing is not standardised at all. 
Considering tire huge amount of sun dried fishes sold in the market and from the 
standpoint of hygiene and health the problem of preservation of fishes by drying 
requires investigation and improvement. 

Summary 

(a) Moisture content of the sun dried fishes analysed, varies between ii.o- 
34 - 0 %- 

(b) Body fat lies between 2.03-14.25%. 

(c) Protein content varies between 40.71-69.68%. 

(d) Values of ash ranges from 8.95-29.48%. 

(e) Calcium content lies between 54 S. 9 ' 3 ^ 46-7 “’S- cent. 

(f) Phosphorus content lies between 400.2-S27.6 mg. per cent. 

(g) Copper content lies between 0.5S-1.70 mg. per cent. 

(h) Iron content lies between 100.8-31.9 mg. per cent. 
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INVESTIGATION ON THE NEW ANTIDIABETIC PRINCIPLE 
(AMELLIN) OCCURRING IN NATURE 

PART VIII. ITS ROLE IN THE DIRECT METABOLISM OF FAT 
IN THE EXPERB'IENTAL ANIMALS (ALBINO RATS) 

M. C. NATH AND H. D. BRAHMACHARI 
Fro)!) Uie Department 0/ Bio-Chemistty, Nagpur University and the Physiological 
Section, Department of Chemistry, Dacca University 

(Received for publication, March 25, 1947) 

Obesity has been regarded by Adams (i) and Joslin (2), as a precursor of 
diabetes in many cases, and Grafe (3) attributed it to the failure of tlie alleged 
metabolism stimulating mechanism in an individual. Several attempts have been 
made from time to time to find out means of reducing or rather checking 
adiposity. 

Hetenyi (4) postulated that fat once deposited in the depots of an obese 
person is prevented from lea\dng them and so cannot be used as fuel. Work of 
Lauter (5) and Newbergh and his associates (6) have shown that energj' required 
by an obese person to perform a given piece of work is more than that required 
by a normal subject. 

The discovery of an antidiabetic principle “Amellin” and the clinical results 
(7, 8) obtained by its trial on diabetics and specially the observ'ation that amcllin 
can bring about reduction in hypercholesterolemia (9) and ketonuria (10) suggested 
the possibility that this might be helpful in bringing about direct metabolism of 
bod}'^ fat in an individual. 

The desaturation theory of Leathes and Wadcll (ii) has recently been 
confirmed b}'’ the work of Schoenheimer and Rittenberg (12) and so indication of 
increased fat metabolism through ‘Amcllin’ may therefore be obtained not only 
by observing the check in the gain in weight of the animals receiving sufficient fat 
diet, but also from the estimation of ‘the iodine number’ of the Liver and body 
fat of the experimental animals and comparing them to those of the control ones. 


* Experi.mentai. 

A set of sixteen adult male rats were chosen for this e.xperiment. 1 ho-^^c rats 
were divided into two groups. A and B, each group containing eight rat.« (1 he r.it- 
of ‘group A' were used as experimental animals, thoM- of ‘group B’ Ix'ing ?3-e<! a- 



M. C. NATH AND II. D. BRAHMACHARI 


controls). The rats rvere acconrnroclalocl ^ four cages (laWlc .1 

and IV), each cage containing four animals. Cages 

of 'group A’ while cages III and IV contained those of group B . 

As regards the body weight, the animals chosen were of ‘'™. 
of animals weighing above 190 g. viz., those of cages anc 
weighing below 150 g. were contained in cages II and IV . 

For about a fortnight before beginning the experiments, the rats were fed on 
a diet composed of whole wheat and milk ; together with 0.5 c.c. of ghee per 

per day. 

During this pre-cxperimental period, the rats were weighed regularh', ever}' 
five days, and the average change in body weight noted. 

After this period the rats in cages I and II were given by mouth a standard 
preparation (5 mg. per c.c.) of amellin at the rate of i cc. per rat per day, the 
diet being retained the same. 

The Amellin was administered orally to the animals in the cages I and II in 
the morning together with a little milk. The control animals (cages HI and 
were given the same amount of milk at the same time. The main diet (whole wheat, 
milk and ghee) was given to the rats after an hour. 

All the rats were w^eighed after ever)' five days. The experiments were con- 
tinued for about 80 days, after which all the rats w'ere killed and the total body 
fat and the liver fat in each case w'ere extracted with petroleum ether, in soxhlet 
apparatus. 

The Iodine values of the body fats and liver fats so obtained w’ere then 
determined, according to Hanu’s method. 

Table II gives the “Iodine values” so determined (each fig. in the table re- 
presents the average value for four rats in each cage). 


Discussion 

It is thus evident that amelin in daily dose of 25 to 50 mg. per kg. brings 
about such changes in fat metabolism, that the iodine numbers of the fats stored 
in the liver as well as in the whole system, becomes much higher than those in 
the controls. This observation confirms, according to Leathes and Wadell {loc. 
cit) how' amellin participates in fat metabolism by conversion of saturated fatty 
acids into the more highly unsaturated ones, by a process of dehydrogenation and 
it IS m this way that fats are rendered useful to the tissues, when the fatty acid chains 
can easily be broken up and oxidised.* 

Amelhn, has previously been shown by Nath, Chakraborty and Banerjee (13) 
to possess some similarity in action with the haematopoitic principle of the liver. 

Here again we find, how, it resembles some liver constituent in bringing about 
dehydrogenation of fats too. 

1. The effect of amellin in high dose in reducing excess of fat in adult rats 
has been studied. 

2. Amellin has been shown to bring about further desaturation of the 

iver and body fat w'hich has been known as an intermediate process 
in the metabolism of fat. 
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There have been vcia' few investigations on the content qf esterase in the 
tissues or in the scrum in malignant disease and the signiticance of the findings is 
somcwliat obscure. Falk, Noyes and Sngiurn (i) used ten different e.sters smli 
as ethyl or methyl acetates, butyrates and Ijenr.oates. They njxiiied that the 
small absolute values for tlie cnr.Nnne actions of the tumour (l-'le.vtuT-jobling ml 
carcinoma) in comparison- with the enzyme actions of many other iis^sn's, wt-n.- 
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striking. The heart, leg muscle and the brain actions arc of the same order of 
magnitude but the actions of tlie other tissues arc very much greater. They also 
found differences which depended upon the ester used ; it may be said that in general 
the actions were largest with the kidney and liver, that the testes followed closely 
and then the spleen and lungs. The magnitude of enzyme actions by the Flexner- 
Jobhng rat carcinoma was however characteristic. Green (2) found that in rats 
during the growth of Jensen sarcoma the esterase activity of scrum showed a 
pronounced reduction and then a parallel fall occurred in some of the tissues. 
The reduction in the serum esterase content started at an early stage of the tumor 
growth even when tlie animal appeared vigorous and healthy ; this ultimately reached 
a very low level. The significance of this large fall according to the author is, 
however, obscured by the fact that other unrelated conditions also produce a similar, 
though probably not so profound a change. 

Cherry and Grandall (3) reported that there was no significant unifonn change 
in blood esterase content as measured by hydrolysis of ethyl butyrate or tribu- 
tyrin, following obstruction of the pancreas in dogs. Troescher and Norris (4) 


used Wister rats bearing implanted adenocarcinoma for the study of blood esterase. 
They showed that during the growth of the tumour, tlie esterase activity of the 
blood fell far below the range of fluctuation of the blood esterase values found for . 
normal rats. In three of the rats which exhibited receding tumours the blood 
esterase activity rose towards normal values. 

It was shown by Khanolkar and Chitre (5) that the esterase (butyric) acti- 
vity in serum of a strain of highly inbred laboratory mice that are insusceptible 
to marnmary cancer (C57), was almost the half the amount normally found in two 
susceptible strains (A and C3H). The livers of these strains were found to be 
equally potent as regard this enzyme activity (Chitre and Khanolkar, 6). The 
result of the excretion showed that the urinary excretion was almost equal but 
the, fecal excretion, and consequently the total excretion, was higher in the insus- 
ceptible strain than in the susceptible strains. No difference was noted in the 
kidney esterase. These results indicate that probably the livers of these strains 
do not differ in their capacity to elaborate the enzyme but do so in their ability 
to maintain_ an equivalent level in the blood. The'effect of foster nursing on the 
esterase activity of serum and liver of a high mammary cancer strain (C.H) and 

^^ 57 ) was also studied, (Khanolker and Chitre, 7)- 
esterase ^ reciprocal foster nursing resulted in a change in the serum 

foster mother'" "'“‘h the susceptibility of the 

vt nT T ; (8) determined esteLe acti- 

des!:r"ofc ::: r " 

breast cancer in human sILr eamem certain types of human cancers. The 

the relationship, if any, is soccific^^ “eforo, chosen. In order to study whether 

to certain other di.seas 4 These st necessary to extend the study 

stas.s. these studies arc reported presently. 
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Experimental 
I. Normal Subjects: 

(а) Males : For the sake of normal standards 90 males between 30 and 40 
years of age were chosen from the blood-donors of the hospital. Care was taken 
in choosing the persons who were in good health. The determination of the 
esterase concentration in serum was made by the method already described 
(Khanolkar and Chitre, loc. cit). The range of the enzyme activity in the sera 
of these subjects was from 3.4 to g.6, the average being 5.60 + 0.14. 

(б) Females : Female subjects of two age groups have been studied. They 
were chosen from the nursing staff of the hospital. They were studied nearly 
a week past their periods. The subjects chosen were in good health. The first 
age group was from 20 to 35 years, while the second was 35 to 60 j^ears. In the 
former group of 24 subjects the range of serum esterase was from 4.6 to 8.6, the 
average being 6.12 + 0.26 ; while in the latter group of 16 subjects the range 
was from 4.2 to 6.g with an average of 5.10 + 0.20. 

2. Diseases: 

(rt) Leprosy : 25 male patients with leprosy from Ackworth Leper Home, 
Matunga, with positive smears (positive acid fast bacilli) wiiose age varied from 
16 to 50 3'ears were studied for their serum esterase concentration. The range 
of tlie enzyme activit}^ was from 1.6 to 4.5, the average being 3.14 + 0.11. There 
were also 20 patients with negative smears and with the age between 18 to 53 
years ; they had the range from 1.7 to 5.7, the average being 3.64 + 0.21. 

(6) Syphilis : 14 patients from Sir J. J. Hospital, suffering from S\mhilis 
w'ei'e studied for their serum esterase content. The range amongst them was 
found to be from 2.1 to 4.1 with the average of 3.6 + 0.15. 

(c) Tuberculosis : 12 females suffering from tuberculosis from Turner’s 

Tuberculosis Sanatorium w'ere studied. Their age varied from 17 to 36 years. 
The range of serum esterase w'as found to be from 2.1 to 4.5, the average being 
3.47 + 0.20. 

{d) Neia Groxvlh : (») Malignant (cancer of the breast) : 

32 females suffering from the carcinoma of tlie breast, as established b}' the 
histological examinations, w’ere studied. Their ages varied from 35 to 68 j'cars. 
The range of serum esterase was found to be from 1.9 to 4.8 with the average 
of 3-67 + 0.14. These cases w-erc chosen from the patients admitted to the hospital 
and estimations were done prior to any treatment. 

(ii) Physiological Growth (pregnancy): 

Two groups of pregnancy cases were studied. They belonged to the Maternity 
Hospital in the citj*. The first group consisted of the subjects of 5 to 7 months of 
pregnancj* and the second of 8 to 9 months. In the fonner group of 18 cases the 
age varied from 17 to 30 j-ears. The range of scrum estem.'^ was from 4.4 to 5.7, 
the average being 5.07 + 0.10. In the latter group of 10 cases, the age nmged 
from 20 to 30 j'cars. The range of senim esterase was found to Iv from 3.4 to 
4.2 with the average of 3.723:0.03. 

In Table No. i arc shown the mean results of esterase activity in nomial and 
in various diseases. 
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TABLE I 

Esterase activity in normal and in varioJis diseases. 


Konnais 



Febrile Diseases 


New Growth 



Males 

Females 

Leprosy 

Syphilis 

Tuber- 

culosis 

Ca- 

Breast 

Pregnancy 


Age 

j-;roup 

- 5-35 

Venr? 

Age 

group 

35-60 

Years 

Posi- 

tive 

smears 

Nega- 

tive 

smears 




5-7 

mos. 

8-9 

mos. 












(I’i) 

(,6) 

( 25 ) 

(20) 

(M) 

(12) 

(32) 

(18) 

(10) 

(j.ft 

«-5 

6.9 

'to 

5-7 

4.1 

4-5 

4.8 

5-7 

4.2 

‘•'.iiiitninit 3 .,< 

i.o 

,(.2 


1.9 

2.1 

2.1 

1-9 

4.4 

3-4 


0.12 

5.10 

3-M 

3 . 6.1 

3.16 

3-47 

3.67 

5.07 

3.72 



± 0.20 

±0.11 

±0.21 

±0.15 

±0.20 

±0.14 

±o.xo 

±0.03 
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Discussion : 

The result of investigations at the hands of various workers on the content 
of esterase in serum in malignant disease are not decisive in arriving at a definite 
conclusion with regard to the change in the activity of the enzyme during malig- 
nancy in different species. Thus the work of Green (2) and Troescher and 
Norris (4) showed that the enzyme behaved differently in tumour grovdh in case 
of animal such as rats and in case of human subjects. These findings, however, 
suggested that the changes in esterase activity in esrum are probably an expression 
of some metabolic disturbance in the body which accompanied the growth of the 
malignant tumour and that it forms a part in the function of the abnormal physio- 
logy associated with the presence of cancerous growth. References could also be 
found in the literature that there exists more or less a similarity with regard to the 
behaviour of some enzymes in cancer and in infectious diseases such as tuber- 
culosis or even- the condition of physiological new growths (such as pregnancy). 
Thus the arginase content of liver and spleen decreased rapidly following tumour 
transplantations to the animals and a similar phenomenon occurred in tuberculous 
animals (Fujiwara, 10). An increased nucleolytic activity has been reported for 
sera of tumour patients and similar findings were obtained in tuberculous patients 
(Wolter, ii). The atoxyl-resistant lipase frequently disappears from. the serum 
in advanced stages of the tumour process, while it may also be encountered in 
the presence of increased quantities of newly formed epithelial elements, such as 
in regenerative process or in pregnancy (Bernhard, 12). For the present study 
the carcinoma of the breast was chosen since it has been reported tliat there was 
probably some relationship between the susceptibility of animals to mammary 
cancer and the activity of this enzyme in the blood (Khanolker and Chitre, loc. 
cU.). With regard to the chronic infective diseases, the patients suffering from 
leprosy, tuberculosis and syphilis were studied. Cases of pregnancy between 5 
and 7 months and between 8 and 9 months were also included. The objects in 
view in choosing such variety subjects for stud}' were threefold 

Firstly, to see whether the condition of the general breakdown of the normal 
functions, which commonl)^ occurs in cancer and in infectious diseases like tuber- 
culosis etc. is similarl}^ reflected in the changes in the activit)^ of the enzymes in 
these diseases. Secondly, to sec whether the requirements necessarj'’ for growth 
(both malignant and physiological) are identical in respect to the enzyme under 
study. And that both types of growth influence the metabolism in similar manner. 
The researches of Weil and Russel (13) on proteinase give support to such a sur- 
mise. For this purpose normal pregnancy could be compared with cancer growth. 
And thirdly, the enzyme whidi was taken for study was lipase and as such might 
be supposed to play an important role in fat metabolism. Its study, therefore, in 
different conditions, such as tuberculosis and pregnancy, and its relation walh 
cancer might give some information as to the effect of cancer on fat metabolism. 

From the table it could be seen of normal subjects that there is no .significant 
difference in males and females as regards the enz\mc activity in .«crum. A slight 
effect, due to age, is observed in the two age groups of female subject.^ studicil. 
Thus, in the subjects belonging to the age group of 35 to 50 years, the en.wmc 
activity in scrum is at a slightly lower level than that seen in the .age group of co 
to 35 years. It has been reported however, by Thompson and Whittaker Ji.;'). 
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during the study of esterase of skin that the tributj^rin activity somewhat increases 
and the methylbutyrate activity markedly increases with age. In our experiments 
ethyl butyrate has been used as the substrate and it is very likely that this might 
cause any difference. 

As regards the concentration of the enzyme in serum in various infectious 
diseases, there appears to be a general tendency for the activity to decrease. The 
lowering of the enz5nne level in the diseases (namely tuberculosis, syphilis and 
lepros}^) is almost to the same extent. In case of leprosy, the activity of the enzyme 
is at a slightly higher level in the patients with negative smears than that in tlie 
patients with positive smears, although difference is not statistically significant. 
In patients with carcinoma of the breast there is significant lowering of the enzyme 
activity in serum if compared with the activity in the corresponding normal sub- 
jects. If this extent of the decrease is compared with that found in other infective 
diseases, there is marked difference between the two conditions. In pregnancy 
also the level of the enzyme activity in serum has gone down in comparison vdth 
that observed in the normal subjects of similar age. However, the effect is not so 
marked in cases of 5 to 7 months of pregnancy. It is well marked when the preg- 
nancy has sufficiently advanced to the period of 8 to 9 months. This lowering, 

however, is of the same order as is seen in either cancer of the breast or other 
diseases 


ese ndings are more or less in agreement with the findings of other workers 
vanous enzymes. Thus, the activity of the serum lipase has been found 
'e y ower in some cancer patients and similar findings were also observed in 
advanced tuberculosis (Bauer, 15). Similarly the serum esterase was found 

Green human patients, by 

increa<;er1^’^* I' phosphatase activity of sera of tumour patients 

Plasma nrotdf' 1 ’f Weil and Russel (loc.cif) studied the 

and Wffiker T' Philadelphia No. i sarcoma, Jensen sarcoma 

acL^Loed -riT" """ -d Lnd that the 

W^rn the tuTot as in pregnancy.- 

removed by operatin or after termination of pre^ancy tL 

cluL that ft? sTm T The authors, therSore, con- 

pregnancy indicated tL^ the oTseil'ed'phenf ''' 

rapid tissue growth Thi'c r 1 f u- ? i^oraenon is in some way connected vdth 
values of proteinase activitv Ifte^T^ is emphasized by fte rapid return to normal 
or terminate of pregnancy) ^ ion of the causative factor (tumour removal 

activity in serum in variras coTdV ^ explain the decrease of the esterase 
that might, be assumed to be studied, on the basis of the fat metabolism 

conditions. One of the oldest change in some way or other in these 

found in Freund’s theorv fFrenn^! metabolism in neoplasia may be 

digestion as being I 2^0^ f P™ 

support for the assumption of a d^st , growth of tumours. Some 

may be obtained in the work of GaesLf(I8^’'T]t^*^t^ metabolism in neoplasia 
miake normally causes an inrrf.^ r i author states that whereas, fat 

of /3-hydroxj-butyric acid, this efffict Particularly 

lhat is die concentration of ketone v> absent in cancer patients 

ration of ketone bodies in the blood failed to increase following 
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the ingestion of fats. Some additional evidence for an alteration of intermediate 
fat oxidation ma}”^ be derived from analytical findings. Thus it has been stated 
that fatty acids contained in the blood of cancer patients possess a higher 
molecular weight than those present in normal blood. This increased mole- 
cular weight may be interpreted as being a consequence of a disturbed 
chain-reduction of the fatty acids, i.e. / 3 -oxidation (Pourbaix and Buytaert, 19). 
Furthermore, the observation of increased concentrations of unsaturated fatty acids 
in the blood of cancer patients may indicate an interruption of the fat oxidation 
after dehydrogenation (Ascoli, 20). Studies «/ vitro give support to the alterations 
in the fat metabolism in malignant tumours. Slices of human neoplasm, of Ehrlich 
mouse carcinoma and of Rous fowl sarcoma were found incapable of oxidation 
monocarboxylic fatty acids (saturated or unsaturatad) ; sometimes even ‘a reduc- 
tion of the oxygen consumption was observed after tlie addition of fatty acids. 
The / 3 -oxidation of fatty acids in neoplastic tissue takes place in the same manner 
as in normal tissues, whereas tire / 3 -oxidation was found absent (Ciaranfi, 21). 
Thus, all these investigations go to suggest that the fat metabolism is in some way 
or other altered in neoplasia and it may be imagined that the activity of the 
enzyme imder discussion, might undergo change in relation to this altered fat 
metabolism. It should, however, be mentioned the argument supporting the 
change of fat metabolism so as to affect the esterase activity need further support by 
experimentation. Till then tlie statement is one among many possibilities in tumour 
growth. 


SUMM.ARY AND CONCLUSION : 

The esterase activity in serum is at a lower level, in comparison with the nor- 
mals, in infective diseases such as leprosy, tuberculosis and syphilis, in carcinoma 
of the breast and in later pregnancy. The decrease in tlicse various conditions is 
approximately the same. 

It is suggested that the changes obserx'ed in cancer, pregnancy and other diseases 
might probably be due to altered fat metabolism. 
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HYPOPROTEINEMU AND OEDEMA 
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A study of serum protein concentration in cases of oedema is increasing in im- 
portance in order to plan a proper therapy. Hj'poproteinemia is mostly due to the 
fall of the albumin fraction of the serum protein. ..Mbumin has a great influence 
in the maintenance of tlie blood volume and the water balance in the body due to 
its greater osmotic influence. The knowledge of this fact is of recent origin, and 
actual period of investigation on serum protein began when Epstein (i) observed 
reserved A/G ratio in nephrosis. Particular mention may be made to the work of 
Moor and Van Slyke (2) Benjamin and Kagan (3, 4) 

The present investigation is a study of protein, albumin and globulin in scrum 
of 130 cases of oedema. Attempt has been made to establish a relationship between 
tlie albumin and globulin fraction in order to find out if it can sen^e a useful labora- 
tory'^ guide in establishing the aetiology of oedema and whether it is advisable to 
give protein value alone or the absolute values of albumin, globulin and A/G ratio 
are essential. 

Method 

Total nitrogen of the serum was determined b}' the micro-kjcldahl method 
using methyl red as indicator and the total proteins were calculated by rnuitiplying 
the total nitrogen thus found by the factor 6.25. This study \\as undertaken with a 
view to helping the clinical investigation. Non-protein nitrogen was not t^timated 
but an allowance of protein cciuivalcnl to 10 mg. of nitrogen was made. The albu- 
min was determined after precipilatinr; the globulin fr.u'tion fnan the s* ru'n with 
22 per cent sodium sulphate at 38° in an incubator for .1 hour.' or over niglr.. 


4 
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Results 

Indoor patients with oedema were selected for this study. The differential dia- 
gnosis was made by the visiting physicians based on the tinding of their physical 
examinations and laboratory reports. These cases have been arranged into three 
groups (i) serum protein below 5.5 per cent, (ii) protein between 5.5 and 7.5 per 
cent and (hi) protein above 7.5 per cent. 

In Table i are shown group b}' group the mean concentration of scrum protein, 
albumin and A/G ratio. Albumin and A/G ratio in these groups gave a high coeffi- 
cient of variation and covered a range of values overlapping each other in groups 
and among groups. This being so it is difficult to predict the albumin or A/G ratio 
from a given value of a serum protein. 


TABLE I 


Correlation between protein, albumin and AjG ratio. 



Group 1 

Group II 

Group III 

Combined 

Group 

Serum protein per 

cent. 




Range 

Mean 

Coefficient of 

Less than 5.5 
4-77 

5-5 to 7.5 

6.31 

More than 7.5 
8.07 

3.06 to 9.S5 

5-85 

variation 

22.4 

II. 2 

lO.I 

12.7 

Albumin per cent. 





Range 

Mean 

Coefficient of 

0.87 to 4.00 
2.06 

1 .09 to 4.72 

3 -08 

2.90 to 5.90 

4-43 

0.87 to 5.90 
2.77 

variation 

34-4 

28.9 

23-7 

40.0 

AjG ratio 





Range 

Mean 

Coefficient of 

0.30 to 2.75 
0.82 

0.20 to 2.95 
1.03 

0-43 to 2.13 
0.58 

0.20 to 2.95 

0.97 

variation 

59-0 

53-4 

43-2 

55-0 


serum protein les^tlian oedema 55 cases (42 per cent) hi 

between 5.5 and ^ npr^r^ Per cent, 61 cases (47 per cent) had serum prote 

the normal limit of 7.5 pe^cem^ W protein abo 

-*ed gro„pr.i“„:, p:.r one™: 
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TABLE II 


Distribution of total protein and albumin in serum. 


Total protein % 
Albumin % 

Less than 
5 % 

' 5-5 to 7.5% 

More than 
7 - 5 % 

Total 

Percentage 

More than 4.0% 

I 

S 

10 

19 

14.6 

2.0 to 4.0% 

27 

49 

4 

80 

61.6 

Less than 2.0% 

27 

4 

0 

31 

23.8 

Total 

55 

61 

14 

130 

— 

Percentage 

42 

47 

II 

— 

— 


Chi-square for Table II was found to be 72.5. This value when refen'ed to 
Fisher’s table for four degree of freedom gave a probability figure less than o.oi, 
indicating that the lowering of protein in hvpoproteincmia is statistically significant 
and is highly so. 

TABLE III 


Distribution of total protein and globulin in serum. 


Total protein 
Globulin 

% Less than 
% 5-5 

5-5 to 7.5 

More than 
7-5 

Total 

Percentage 

More than 3 

21 

44 

9 

74 

57 

1-5 to 3 

32 

17 

5 

54 

41 

Less tlian 1.5 2 

0 

0 

2 

2 

Total ■ 

55 

61 

14 

130 

— 

Percentage 

42 

47 

II 

— 

— 

The serum globulin concentration (Table III) was 

higher than its normal limit 

of 3 per cent 

in 57 per cent of the cases. 

Unlike albumin, these hig 

h values of senim 

globulin were distributed at random amongst the three groups but the low values 
were confined mostly to the first group (serum protein less tlian 5.5 per cent). 



T.^^BLE rv 




Distribution of total protein and A / G ratio. 


Total protein 
.‘V / G ratio 

% i.ess than 
5-5 

5-5 to 7.5 

More than 
7-5 

Total 

Percentage 

2+03 

3 

6 

2 

n 

S -5 

I to 3 

12 

22 

s 

12 


I-css than 1 

40 

33 

4 

77 

30. 2 

Total 

55 

6t 

M 

130 

— 

Percentage 

4 

-t - 

•17 

It 

— 

_ ~~ 



Percentage 
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Table IV indicates that 9 i _5 cent confined to any 

than its nomal value ot 2. This lowenng / showing absence of 

particular cell but was distributed equally m all the three groups show g 

my correlation between A/G ratio and serum protein, 


1 

<10 

30 

ao 

10 


h 
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Graphs i to 4 indicate that in the combined group there was a slight lowenng m 
senim protein, marked decrease in serum albumin, a general increase, in globulin 
and a wide deviation and inversion of the A/G ratio. 

In Table V the observations are arranged with respect to' disease. It is pr®' 
'.ainvdd that these different samples have been drawn from a universe comprising of 
various diseases which differ in the variability of their individuals. The difference 
between the means (combined group and the disease group) that differs by more 

tlian twice the square root of the sum of the squares of tlieir standard errors 

v.(.re ri^Tatively rate. These values did not give sufficient evidence to lead to the 
• oriciu-j'.n tha.t the difierenccs are more than what might be due to chance i.e.i 
%>.erc in.'ignificant. In cases of anaemia this value was 10 ; it is, therefore, 
ii*-' ;y tn.it the .samples in this group differed markedly from the combined disease 
rr "ip In c.--e. where the .-etiology of cedema was other than diseases associated 
■’.icb a.' nephrili,', heart diiK;asc etc. the fall in serum protein conccn- 
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protein in oedema associated with anaemia was lower than the values in diseases 
dissociated with anaemia, the individual values covered a range which over-lapped 
each other. A general decrease in the serum albumin was noticed in these groups 
but the serum protein was markedly less only in anaemia. May be that the serum 
globulin was invariably increased in diseases associated with oedema, in 5 / oent 
of the cases it was found to be higher than 3 per cent and thus the lowering or 
reversing of A/G ratio was a frequent event {91.5 per cent). No attempt, however, 
has been mad^. to find out the cause (whether due to infection or some other cause) 
of the increase in the globulin fraction. 

Summary 

1. Hypoproteinemia (less than 5.5 per cent of serum portion) was shown by 
42% of the cases of oedema, whereas hyperproteinemia (more than 7.5 per cent of 
serum protein) was present in 11 per cent of cases. Invariably the globulin content 
was in the upper limits of normal value or slightly raised. Hypoproteinemia was, 
thus, developed at a greater expense to serum albumin. 

2. The fall in serum protein in oedema was maximum in diseases associated 
with anaemia. 

3. There exists no quantitative relationship between the serum protein and 
A/G ratio in oedema. It seems essential to know the absolute values of serurh 
protein, albumin and A/G ratio in order to draw any conclusion about the aetiolog}’ 
of a disease. 
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GLYCOGEN STORAGE AND LACTIC ACID OXIDATION AS AFFECTED BY 
DIFFERENT HIGH CARBOHYDRATE DIETS WITH AND 
WITHOUT AMELLIN 

M. C. N.VTII, N. K. ClIOWnHURY. S. R. BANRRJKK and A. H. M HAHIBL^L ISLAM 
I he DfJ>arl)iii'iil of JJio( Iwiiiislry, A’ogpur Uiitorr^tty ffitl Hic Physiotoyica! 
Section, Dcfiiirliiu'iil of Cltrniislry. Daccu Univcisify 

(Rcci'ivod for publication. October o. 1017) 

Attempts have hitherto been made by several workers from Time to time to 
ascertain the actiological factors causing diabetes mollitus. Harmful tfuvt of high 
carbohydrate diet (7i.3'’f) appro.v.) has been recorded in ca.'-c of monkey.- bv Kadha- 
krishna Rao ( 1 ) who observed atrophic changes in the small iiUe-tine and f.it'.y 
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Experimental 
Part I. 

l8 growing albino rats were divided into 3 groups of six in each and three from 
each of these groups were put in a separate cage and the average values of tire 
experimental results obtained were taken to represent that group. 


The stock diet consisted of 


Corn starch 
Casein 
Butter fat 
* 3 alt mi.xture 
Cod liver oil 
Mannite 


470 g- 

120 g. 

40 g 
30 g- 

20 g. 
20 g. 


700 g. 


30 g. of different types of carbohydrates i.e., starch, cane sugar and glucose 
were mixed with 70 g.of this stock diet thus making the- percentage of carbo- 
hj^drate 77 in all diets. Thus the animals under different groups received the diets 
as follows; — 


Group A on Diet No. 1 
Group B on Diet No. 2 

Group C on Diet No. 3 


containing 77% Starch 

i^% starch + 
30% sucrose 
• - 47% starch - 

30% glucose. 


The feeding experiment lasted for 5 weeks and the weights of the animals 
during the experimental period are shown in table I. The animals were then killed 
by sudden strike on the head and the report of the autopsy findings as regards the 
condition of the different organs of the animals is represented in table II. Immc- 
diatety after killing the animals, the liver and muscle were removed and gltxogcn 
and -lactic acid contents were estimated according to the method mentioned bcloiv. 
The results arc shown in the table III. 


Part II. 

12 growing albino rats of almost the same age and bod}- wt. a.*; in (A) were 
selected for studying the additional influence of amcllin (.5 rug. per 100 gni. of 
body wt.) on different types of high carbohydrate diets as clc^ribed al>a^•c. Tlscy 
were kept in 6 cages two in each and two pairs of aniiraE were kept on each type 
of the c.xperimental diet. These results are shown in Table IV. 


McCollum D.iVis wh mivturc u;-' d. 
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Estimation of Glycogen. Glycogen is esUmalcd according to the method of 
Flyger as modified by Good, Kramer and Somogyi (13) which comprises of : 

(a) Alkali hydrolysis for 10 — 20 minutes. 

(b) Precipitation of glycogen with 95% alcohol. 

(c) Hydrolysis of glycogen to glucose. 

(d) The determination of glucose by the method of Shaffer and Hartmann (14) 


Estimation of Lactic Acid. Lactic acid was estimated according to the method 
of Cori and Cori (15) and the method comprises of: — 

(a) Precipitation of protein with mercuric chloride, 

(b) Removal of glocose from protein fiec filtrate with copper sulphate and 
calcium hydroxide. 

(c) Conversion of lactic acid to acetaldehyde which is then combined with 
sodium-bi-sulphate . 


(d) determination of bound bi-sulphate idometricall}^. 

Average normal values of liver and muscle glycogen 

^ The normal values of glycogen have been found to be distributed within a wide 
different group of workers. According to Karezag, MacLeod and Orr 
an Barbour, Chaikoff, MacLeod and Orr (17) the average value for 24 rats 
m separate sets of experiments is 160 mg. per 100 gram of the tissue. While this 

T • ^ ° ^ Carton and Lewis (18) and Silberman and 

rani!f Tespctivcly. The results of Eckstein (20) however, show great variation 

bv si^cTi^ K exceeding these values have also been recorded 

nLmTvro ST' . ^ to find out the 

the liver and miK normal diet and the average values for 

“S' -'I ^36 mg^ per xoo g. 


— ~ V WWAVyxi .. 

beneficial effect to 'tliTyomg \lbino ^ 

been shown to brine nhniu various ways ; while cane sugar ] 

percentage ol carbohydrates, pro'tdnTanf lab “b 

eases. It will be shown from fable I that hieh 1 “®'^ ““ “ 

quate for proper crowlb hnc u starch + glucose diet, though ina 

than tliat with the hi-h starch ^ ****°'^ '’**°'^* towards growth and maintena 

-as found on autopsy ufaf the rats, 

case of animals receivine hiah H t- pancreas was almost healthy 

-'tarch and starch plus c^ ^ P^^-as of those with h 

being obicrved in some cases generally affected, partial degenerat 
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Average change jn weight 
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Regarding storage and depletion of the glycogen in the liver and muscle, it can 
be said that cane sugar diet caused marked depletion of this substance while glucose 
diet, though showing no excess storage, gives more or less similar results as with 
normal carbohydrate diet. 


Increased amount of Lactic acid content of the liver and muscle, in case of 
animals kept on high starch supplemented with cane sugar, points out how indolent 
habits of taking these things in excess may cause symptoms of acidosis in the long 
run. Almost normal values of Lactic acid in case of animals given starch + glucose, 
furnishes at the same time some clue how additional glucose may cause better 
metabolism and how its increase in concentration in the blood shows but a physio- 
logical response to combat other abnormalities caused by accumulation of several 
intermediately metabolism products in the blood as observed by Nath and Brahma- 
chari {loc. cit).' 


The effect of amellin on the high starch and high cane sugar diet is worth noting. 
It will be evident from table IV that amellin can not only help storage of both liver 
and muscle glycogen but can also help in the disappearance of the high amount of 
lactic acid from the liver and the muscle which was found to be accumulated through 
the intake of high starch and cane sugar diet. This also explains well how amellin 
could cause relief im acidoses and could increase in alkali reserve of the diabetics as 
reported by Nath, Chakraborty, and Brahmachari earlier (21). 


Summary 

1. Effect of different tj'pes of liigh carbohydrate diet (starch, starch + sucrose, 
starch + glucose) on growing albino rats has been studied. 

2. High starch diet (77% starch) as well as the stock diet {47% starch) suple- 
mented with 30% cane sugar caused marked retardation of growth of growing albino 
rats, while addition of 30% glucose to the stock diet showed marked better effect 
as far as the growth is concerned. 

3. Cane sugar diet caused depletion of liver and muscle glycogen while glucose 
diet has no such evil effect. 

4. Lactic acid contents of the liver and muscle far exceeded the nonnal limit 
in tlie animals receiving high starch and starch -f cane siigar while those of rats 
receiving starch -c glucosh showed more or less normal value. 

5. Addition of amellin to these high carbolu’dratc diets in the do.'C of 5 mg. 
per 100 gms. of body wl. can show liigh bcnchcial influence in checking llic depletion 
of glycogen storage and in reducing the high percentage of lactic acid in tlie liver 
and the muscle. 
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THE ROLE. OF AUTONOMIC NERVES IN THE CONTROL OF THE 
jNIECHANISM of circulation IN THE SYSTEMIC BLOOD 
VESSELS OF THE FROG* 

P. K. ROY AND J. C. GUPTA 

From the Department of Pharmacology, School of Tropical ^[cdicinc. Calcutta, 

(Received for publication, Kovcnibcr 10, 19.; 7) 

The Frog has long conlinuccl to be a valuable aid for the realisation of (he 
coinplc.x ph\'siology involved in the various functional processes of the liuman body : 
unfortunatcl}',- very little is known as yet about the inechanism wliich regulates tiic 
flow of blood through the systemic vc.=;scl5 of the animal. 

* .-tn earlier report on (his work was Sent to (he Indian Scienre Conpr.-r’-, Jvanralo.-r, 
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Observers, at different times in the past, noted the effects 
and therapeutic agents on these vessels. Adler (i) recorded 
of the lung and skin vessels of the amphibion. Amsler and Pick (2) 
impression about the splanchnic area and limb vessels after simi ar 
Pearce (3) found that frog’s blood vessels did not dilate with dilute 
epinephrin or with increase of temperature ; they dilated, however m e 
of calcium or with the degeneration of their nerves. Kolm and Pick (4) 0 
acetyl cholin, like adrenalin, constricted frog’s blood vessels when perfuse > 

perfused together, however, they caused dilatation. Hildebrandt (5) o , 

atropin antidoted epinephrin and sympathetic nerve stimulation. Luc ar 
Carlson (6) were of opinion that there was an unusual innervation of frog ^ 
vessels. Cori (7), later Langecker (8), pointed out that there was seasonal ^ana 
in the vagus response of the frog which diminished markedly during summer ^ 
attributed this to thyroid changes in the animal, and not to any altered 
and calcium ratio, which, under certain conditions, diminished parasympattie 

response (Burridge, 9); 


For the first time, Vimtrup (10) made an attempt to explain the mechanism 0^ 
blood flow through the smaller vessels of the animal, and reported contraction 0^ 
Rouget cells which caused folding of the endothelium. Zweifach (ii) found a 
mechanical stimulation caused contraction of the endothelium in the frog " 
blocked the lumen of the vessel at where the capillary left the arteriole. Field (12)1 
also working with the frog, confirmed the findings of Vimtrup, and further observe 
that swelling of the endothelial nuclei blocked the lumen of the capillary. C ar 
and Clark (13) reported endothelium to be contractile in the tadpole’s tail ; but they 
could not confirm Vimtrup’s findings except for the nictitating and hyaloid mem 
branes of the frog. 


It would thus appear that observers differed widely from time to time in their 
appreciation of the exact mechanism which remained unrevealed till Fulton a 
Lutz (14) examined, “by means of stimulation with a micro-electrode, the distribu 
tion of the contractile elements of the small blood vessels in the retrolingual mem- 
brane of the frog,’’ brain and medulla pithed. They concluded from their observa- 
tions that in the retrolingual membrane of the animal, the capillary origins were 
provided with modified smooth muscle cells, of the nature of Rouget cells, in con- 
trast to the uniform layer of typical smooth muscle of the arteriole, and the some- 
what scattered arrangement on the prccapillary ; these regions of capillary ongm 
frequently acted in the manner of a sphincter independently of the supplying vessels 
and thus regulated capillary blood flow ; occasionally, they also acted as a unit 
^yith the adjacent blood vessels. As regards the nervous mechanism of control, they 
obtained histological evidences which revealed the existence of a perivascular, loosely 
meshed, non-m3’’elinatcd nerve plexus which appeared to be anatomically continu- 
ous ; it was rich on the arterioles and the precapillaries, but sparce on the capilla- 
ries. “Faradic stimulation, of the small, nerves .there -produced responses confined 
to limited vascular areas ; therefore, though the ple.xus appeared to be anatomically 
continuous, functional innervation was discontinuous. Stimulation of any one of 
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the small nerves always produced a response in the same limited area, suggesting 
thereby a smooth muscle motor-unit.” The response was either entirely dilator in 
nature, or constrictor, or both mixed. "Brief Faradic stimulation of the small 
vasomotor nerves produced dilatation of the small blood vessels, followed by con- 
striction. Weak stimulation usually produced only dilatation. Strong stimulation 
of the same nerve frequently produced only constriction. These results suggested 
that the nerves stimulated contained both vasodilator and vasoconstrictor fibers, and 
that the vasodilators possessed a lower threshold. Vasomotor nerves were also 
found which produced only one type of response to all strengths of stimulation.” 
In the region of the capillary, similar responses were obtained only from the limited 
small area of its origin. It was this area which acted in a sphincter-like manner, 
and frequently responded independently of the supplying arteriole or the precapillary. 
Such sphincter-like areas sometimes produced spontaneous rhythmic contractions as 
well. As no central reflex could be involved, and no ganglionic cells could be found 
in the membrane, the nature of this rhythmic and independent response remained 
undetermined. 


The observations of Fulton and Lutz threw a flood of light on the subject matter 
of our discussion. They fell short, however, in elucidating precisely the exact nature 
of the mechanism of nervous control, and also in determining the bearing, if any, 
of the observed capillary phenomena on the circulatory mechanism of the animal. 


We, therefore, made an attempt to study the nature of this nervous mechanism, 
and for the purpose of this study, carried on certain preliminary investigations, 
designed to reveal the nature of influence, if any, exerted by autonomic nerves on 
the mechanism of control of frog’s systemic circulation. 


Experimental 

The experiments for this purpose comprised perfusing frog’s blood vessels with 
solutions of adrenaline chloride and of acetyl choline in different dilutions and noting 
the results thereof. The details of the experimental procedure adopted were as 
•follows: — 


In a weighed frog, brain and medulla-pithed, the heart was exposed .and the 
tmnkus arteriosus cleaned upto its bifurcation; a small glass canula was then inerted, 
awaj’ from the heart, through a small knick on the tmnkus jtist beyond tlie bulb, 
and tied in place. It was connected by means of a rubber tube with a h-.dbed tv- 
ccplicle of known capacity, having a side-tube at its lower part. 1 he recepticlc 
was fixed at a height of about 6 inches above the arterial camil.i. and v.a- conue^tid 
at its upper end, by means of a rubber tube, with a n-svrvoir of trog pcriU'-ion s Line. 
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placed at a definite height above the recepticle. The perfusion was came on 
by running the fluid from the resenmir through the recepticle and the arterial canuia, 
and before the canuia was inserted into the trunkus, the whole passage was e 
with the fluid, care being taken to drive out all air from inside. The perfusion 
pressure was determined bj^ the height of the recepticle above the arterial canua 
and remained unaltered throughout the experiment. The perfusion rate was con 
trolled by an adjustible clip on the rubber tube connecting the reservoir with t 
recepticle, and was adjusted at i cc. per minute at the start. The outflo\\ 
provided through an opening in the sinus. The perfusion fluid thus entered t le 
circulation through the opening in the trunkus, and after circulating through t e 
body, flowed out through the opening in the sinus. The animal remained hanging 
vertically during the actual perfusion, being fixed to a frog-board which was clamp 
ed and secured on a vertical stand, so that a perfusion height of about 6 inches 
constantly maintained during the course of the perfusion. The outflow was mea 
sured by collecting the fluid in a measuring cylinder while dripping from the toes 
tied together, accumulation in the tissues and the lymph sacs being prevented b> 
incisions on the thighs and the legs, the collecting pockets and the sacs. 1 issue 
dehydration, during the course of the perfusion, was prevented by protecting the 
animal from external draught. 


The effect of perfusion of the drugs, adrenaline chloride and acetyl choline, 
on the circulation of the animal was determined by observing the rate of outflow 
at varying periods, following injection of known amounts of the drugs into the re- 
cepticle through a rubber tube, clipped at its distal end and connected with the 
‘idc-tuhe of the recepticle by the pro.ximal end. Admixture of known amounts 
of tho p^Tfii'-ion fluid in the recepticle determined the dilution in which the drug? 
f nti.r< <1 the rirculation of the animal. 



ROLE OF AUTONO^iIlC NERVES ON BLOOD A’ESSELS OF THE FROG 


45 


constriction ; and like adrenaline chloride, again, concentrated solutions produce 
immediate constriction. Atropine, as in the case of adrenaline chloride, antago- 
nises the dilator effect, but the constrictor effect, unlike adrenaline chloride, is anta- 
gonised by atropine again, and not by ergotoxine. Thus, both the constrictor and 
the dilator effects of acetyl choline are antagonised b}"^ atropine ; ergotoxine anta- 
gonises neither. 


Discussion 

From the experimental results, as stated above, it follows that the systemic 
blood vessels of the frog respond to stimuli of autonomic drugs botli by dilatation 
and constriction, the threshold for the dilator response being lower than that for the 
constrictor. When the concentration of such a drug goes beyond a specified limit 
in the circulation, the dilator response gives place to the constrictor. The blood 
vessels persist in tlreir response to autonomic stimuli even in tlie brain and medulla- 
pithed animal ; hence, their autonomic response is independent of central control. 
Since these blood vessels respond b}' dilatation to high dilutions of both adrenaline 
chloride and acetyl choline, and since this dilator response to both the drugs is 
antagonised by atropine, it may be presumed that (i) the vessels receive a supply 
of cholinergic autonomic nerve fibers and that (2) in high dilutions, adrenaline 
chloride and acetyl choline, both stimulate these cholinergic fibers, thereby produc- 
ing dilatation of the vessels. Concentrated solutions of both adrenaline chloride 
and acetyl choline produce constriction of the vessels. Ergotoxine appears to anta- 
gonise adrenaline constriction onty, and has no influence on acetyl choline constric- 
tion. It seems, therefore, that (3) the blood vessels do receive autonomic ner\’e 
suppljf of adrenergic character as well ; and that {4) concentrated solutions of ad- 
renaline chloride stimulate these adrenergic fibers in order to produce constriction 
of the blood vessels. The mechanism for the constrictor effect of concentrated 
acetyl choline solution is not well understood on the basis of the present findings ; 
it is quite possible that this effect also should be found to be due to adrenergic sti- 
mulation in other concentrations of the drug, and until further elaborate examina- 
tions should prove otherwise, such a possibility could not be altogether dispelled. 
In fact, that atropine should appear to antagonise this constrictor effect raises i.-sues 
which call for further elaborate consideration. 


On the basis of the present observations, however, it seems possible to -uggcsi 
that (i) an autonomic drug is ada'-ncrgic or cholinergic arcorxlinc its 
tration in the circulation, for the time being, is high or low ; that (ii) -all .autonomic 
nerves arc essentially of the same physiological nature, thi‘ rh.Tr.!rt»r f’f thtir rv^- 
ponse as adrenergic or cholinergic being deicnuined hv flu- slimulu- .iri-ing from 
high or low concentration of the causative agent .it that time in th.e circulating Mo-nt. 
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Summary 

1. The mechanism which regulates the flow of blood through the systemic 
blood vessels of the frog has not 3'et been definitely ascertained, though its import- 
ance in applied pharmacology has long been recognised. 


2. In order, therefore, to studj' the precise nature of the mechanism of ner- 
vous control, frog’s blood vessels were perfused with varying concentrations of ad- 
renalin chloride and of acetylcholin, as being authentic representatives respectively 
of the adrenergic and the cholinergic group of autonomic drugs. 


3. The observed facts seem to suggest that (i) an autonomic drug is adrenergic 
or cholinergic according as its concentration, for the time being, in the circulation 
is high or low ; and (ii) all autonomic nerv'es are essentially of the same phj^siologi- 
cal nature, the character of their response as adrenergic or cholinergic being deter- 
mined by the stimulus arising from high or low concentration of the causative agent 
in the circulation at the particular time. 


4. Should these propositions be substantiated b_y the results of further ela- 
borate examinations, they would introduce a new conception about the basic phy- 
siolog}' of autonomic nerves in the amphibion, wherebj’^ a common mechanism is 
suggested for all autonomic responses, their character varying with the varying 
nature of the causative stimulus. 
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Contents : 

1. The title 'Hippuric Acid Synthesis as (a) Liver Function 
Test’. The aims, object and the scope of work 

2. The test proper is described. 

A. (i) Oral method 

(2) Intravenous method 

B. Historical aspect 

C. Physiological considerations 

3. The record of work done bj' the oral and intravenous 
methods amongst the following groups: — 

(1) Oral method — Normal — 31 subsjects 

(2) Intravenous method~_(a) Normal — 19 subjects 

(b) Diseased — 30 subjects. 

Comments on normal and abnormal findings. 

4. Discussion on the work so far published on various 
aspects. The work is separated out in two subdivisions : 

(1) Foreign 

(2) Indian 

5. Conclusions. 

6. Summar\’. 

7. References cited in the te.xt. 

In the following pages, the author proposes to give an account of (he result- of 
investigations carried out b}’ him in connection with the use of hippuric acid synthe.-i- 
as a hepatic cfliciency test. This work has been spread over two yi'ar.-. It com- 
prises of 105 recorded obscrv'ations with this test with special reh'renrc to the nor- 
mal values by the oral and the intravenous methods and the application ot tijc in- 
travenous method in certain di.-eased conditions. 
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The author was attracted to him a simple one to 

Advances in Medicme’-Edition 1944^ ,;terature, a very widely accepted one by 
perform and on going over ihe pu ^ therefore, planned to carry 

physicians, surgeons, and o s laboratory for the estimation of efficiency 

out tliis test in all cases referred diseased conditions as a 

of the liver. Before J normal values- as obtainable m 

routine, a series of tests were carrie method was first studied 

the local population. The normal valu intravenous method was carried 

in a series of 31 l^ealthy in widua . " of the data thus 

out in a series of 19 normals. Af . ^ -o cases at this hospital. The 

compiled, the intravenous test was performed 3 

results of this work are discussed in this paper. 

The liver has a large number of principle 

sent test relates to the assessment of its function o f cctring^i^^ the liver, 

underlying the basis of this test is a process of detoxication ^ . i^iing in 

The liver detoxicates most of the endogenous and P™ “uch exists 

the body. The synthesis of hippuric acid is one of and forms 

in the liver. Liver is intimately concerned- with the protein 
ainino-acids for the synthesis of cell proteins o the ti^ues. O"® ° 
acids synthesised in the liver is glycine. In this test .'f ®^t«icated 

li\cr with benzoic acid to form hippuric acid. The benzoic aad thu 
.-ind the hepatic function of detoxication is thereby assessed with this test. 


2. The Test. 

A. (I) Oral method; Quick’s method (i) as described in 1932 was an ora 
test, performed as follows; 

(1) After emptying the bladder, give 5.9 grammes of Sod\13enz^s 

mouth one hour after tea, coffee and toast in the morning. ^ ^ 

of water is allowed soon after, if asked for. 

(2) Collect four one-hourly samples of urine. 

(3) Estimate the hippuric acid content of each specimen and of the t^^^^ 
bulk. The specimens are to be preserved in ice-chest, 

is not done immediately. Use of Toluene as a preservative is a o 


Eslinuilioii . — ^'riicrc are two methods described by Quick in his papers on 
ti-.'l. 'i'he 'Simpler one is known as the clinical method and the elaborate 
!i.-) complicated for routine UbC and inexpert hands. In his experience, bo 1 
niethofK >ho>vcd complete agreement and except for checking up his own res 
lie did not either n-e it or recommend it for routine use. 


Clinical method. — In the >impler clinical method, the specimen is measure 
r, i t to a r.c, and i- acidifud with strong hydrochloric acid till the red Congo 
p,tHr turn', blue. Nearly i c.c. of acid is required. A precipitate of hipP'’*”'^^ 
aii 1 rindin-d in-'/fluble at this pll is thrown out as the specimen is well stirred. 
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is then allowed to stand at room temperature for one hour to allow complete preci- 
pitation. The precipitate is then filtered out on a weighed filter paper. The container is 
completely washed free of the precipitate by repeated washings of filtered urine. The 
filter paper with the funnel is then allowed to dry in air for 24 to 48 hours in a dust- 
proof cupboard. When diy, the filter paper is weighed with the deposit to the nearest 
third decimal place on the same chemical balance. On rteduction of the original 
weight of the filter paper, the amount of insolublized hippuric acid is known. To 
obtain the total hippuric acid content, the amount of hippuric acid remaining 
soluble in the urine after acidification is now to-be calculated. Quick stated that 
every 100 c.c. of urine can keep 0.33 g. of hippuric acid in solution after acidifica- 
tion. The soluble hipunic acid is, therefore, obtained by multiplying the number 
of c.cs. of urine by 0.0033. The insolublized and the soluble amounts of hippuric 
acid are then added up to give the total hippuric acid content of the urine. The 
results are now to be converted in terms of total benzoic acid excreted as hippuric 
acid. One gramme of hippuric acid is S3mthesized from 0.68 grammes of benzoic 
acid and therefore, by multiplying the grammes of hippuric acid excreted 
by 0.68 , one gets the amount of benzoic acid excreted as hippuric acid. 
The results are expressed in these terms. This was the original method 
as described by Quick. Later work has modified this method so as to 
make it more accurate. In 1940, Quick has modified this method and 
recommends that along with the acidification of urine, 100 grammes of ammonium 
sulphate should be added to every 100 c.c. of urine. Under these conditions, 
maximum precipitate of hippuric acid is thrown out and the soluble fraction becomes 
constant. With tliis method which has been used in the investigations recorded in 
this paper, only o.i g. of hippuric acid is to be calculated as the soluble fraction 
for ever}'' 100 cc. of urine acidified. The factor 0.0033 thus is now replaced by the 
factor o.ooi. Rest of the calculations as described in the original method of Quick 
remains unchanged. 

Elaborate method . — The more complex method may be briefly described. 
]\Ieasured quantity var3'ing from 5 to 10 c.c. of urine is taken in an extraction tube. 
One c.c. of 5 Normal sulphuric acid and two drops of 10% sodium tungstate arc 
added and the e.xtraction is done for 90 minutes with ether. Later, the ether is 
distilled over and few c.cs. of 20% h3'drochloric acid is added to the residue. The 
resulting solution is refluxed on a hot plate for one hour and transferred to a small 
dish. It is then evaporated to dramess. To this residue, 20 c.c. of hot distilled 
water is added. A very small amount of activated charcoal Norit is also added. 
The solution is filtered. This is repeated over and again a few times with the same 
20 c.c. of hot distilled water and a little of Norit, finalh' making up the volume 
of the filtrate to 20 c.c. Now one drop of 1% neutral red is added and the filtrate 
is neutralised to pH 7.0 i.c., till it is slightty pink. Then 6 drops of i°'„ phennlph- 
thalein and 10 c.c. of neutral 40% formalin arc added. The solution is titmted 
with O.I Normal sodium h3’droxidc till a deep red colour matches the stand.u<! 
prepared by mixing 20 c.c. of distilled water, ro c.c. of neutral .{o"o fonn.din, 

6 drops of 1% phonolphthalein, i drop of 1% neutral rod and 0.3 c.c. of o.j 
Normal sodium hydroxide. Since r c.c. of 0.1 Nonna! -sodium hyilroxide i- i^tiu *1 
to I cc. of 1 Normal gtycine, the titration value com'cted for 0.3 cc. blank can b-- 
converted directly either to hippuric acid or to bcnroic acid 


4 
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While evaluating comparatively. Quick mentions that weighing to the second 
decimal place and titration with 0.2 Normal sodium hydroxide or Formol titration 
have for practical purposes in clinical pathology, no discernible difference and the 
simpler clinical method is the method of choice. 

According to his observations, the hippuric acid excretion reaches i g. or more 
during second and third hours and the total excretion for four hours for normal 
American population is from 2.99 g. to 3.55 g. with an average of 3.2 g. 

(2) Intravenous method: In the j^ears following Quick’s publication in 
1932, much work was done in connection with this test. A detailed resume of all 
the work is defferred to a later part of this paper. Quick (1) published his intra- 
venous method for this test in 1938 by a preliminary note and followed it up with 
later publication. The technique for the intravenous test is as follows : — 

(1) Empty the bladder 

(2) Inject the patient intravenously with 1.77 g. of sodium benzoate dis- 
solved in 20 cc. of pyrogen-free double distilled water, taking five 
minutes to inject. 

(3) Exactl}^' one hour after the start of the injection, empt}^ the bladder. 

(4) Estimate the hippuric acid content of this specimen by the simple cli- 
nical method. 

A normal American excretes 0.7 g. to 0.95 g. on an average in this test. 

Choice of the method: Whenever a second test is developed after the first, 
the natural conclusion should be that the oral method had some disadvantages, of 
which the author of the test was conscious. Actually speaking the oral test has not 
much of a disadvantage and as late as 1944, much work has been published with 
the oral test. The so-called disadvantages are; — 

(1) The four hour period is too exhausting for the patient. 

(2) Sodi benzoas is a nauseating drug and the drug is invariably vomitted 
out repeatedly by those who are sensitive to gastric stimuli. 

(3) The test is less sensitive because of the factors such as absorption from 
the gut etc., having a vitiating influence. 

The last viz., the accuracy is perhaps the only solid reason by itself that speaks 
in favour of an intravenous method. Mateer and others (2) have published a 
paper in 1943, where they have shown that 85% more cases of liver damage were 
diagnosed by the intravenous method as compared to the oral method. This estab- 
lishes the superiority of the venous route, which is now being preferred by the cli- 
nicians. So far as the absorption of sodi benzoas from the gut is concerned it has 
been asserted in the later work that it is absorbed fairly evenly and quickly, so 
much so that the dela3^ed absorption does not occur. No vitiation of the test can, 
therefore, occur on this account. The venous route, therefore, scores over the oral 
route in speed, accuracy and comfort. During the venous technique, the patient 
at the most feels dizziness, flushing of the face, a hot feeling or pain along the in- 
jected vein for a moment but such minimal feeling is only occasionally met with. 
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Reacliovs . — There is onty one authentic report on the reaction following the 
use of sodi benzoas for the test. Bryan (3) stated that a normal man can take as 
much as 25 grarSmes of sodi benzoas in a day without any ill effect. The \'erj? 
principle of this test is of detoxication. Benzoic acid is absent from our food. 
Bodjf cannot metabolise the benzene ring. Yet a compound of quinnic acid occur- 
ring in prunes has the same detoxication mechanism by conjugation with glycine. 
The prunes have never been incriminated for any adverse reactions. As a matter 
of fact, benzoic acid is a stimulant for the sjmthesis of amino-acid gl5'cine b}^ the 
liver. The greater the quantity of benzoic acid administered as sodi ben- 
zoas, the greater should be the gtycine production in the liver till a maxi- 
mum is reached as is aimed in this test. Production of glycine is inevitable for 
the bodj' and this mechanism starts functioning in the body ever since birth. i\'Iilk 
practically contains no gl3'cine at all and hence the tissues begin the s3mthesis of 
gtycine for their growth from the birth. It is, therefore, difficult to account for 
an3' such reaction as was recorded b3' Kingsle3u 

In the case recorded by Kingsle3L the patient was in the hospital for haemol3dic 
anaemia with icterus. Oral test was performed twice. Twice the reaction occurred 
with the same constant symptomatology^ and course. The stuff was used previousl3? 
and later for other patients, who showed no reaction at all. Nearty an hour fol- 
lowing tlie ingestion of the drug, the patient complained a vice like pain in the 
chest of excruciating nature. He became unconscious, developed fast pulse, 
sw’eating, fall of blood pressure, slowed respirations and cold extremities. This was 
more or less a symptomatology of shock. He had to be treated ver3’' cnergeticalh' 
for three da3's with peripheral circulator3' stimulants, plasma transfusions and oxy- 
gen therap3^ before he could become as he was. On recoveryL the haematology 
show'ed appreciable decrease of the leucocydic count, increase of icteric index and 
an unaltered chemistry' in blood, urine, etc. To e.xclude the fact that the reaction 
was not a coincidence only', as the literature had not described such a single case 
the oral test w'as repeated and the patient had a prototype reaction again. The 
improvement which he had made stopped and on recovery' he went into agranulo- 
cy'tic condition. Autopsy' did not reveal any'thing in particular. Kingsley sum- 
marises the reaction as being of an anaphydactoid nature. It would aBo appear 
the agranulocy'tic attack might have something to do witli the benzene nucleus of 
the compound. 

B. Historical aspect: Synthesis of hippuric acid has been one of the inter- 
esting problems of study for physiological chemist since the early day's. Glycine 
and benzoic acid are the primary compounds essential for the syniiiesis of hippuric 
acid. This was known long since but most of the early research workers hrna' 
devoted their energy on the probable site of synthesis, reason for synthc!-is and 
factors governing the svnthcsis. It was only in 1932 that Quick (i) sugge.-ted thi- 
mechanism to be used .as a hepatic efficiency lest and the te.-t. therefore, i*- knnwn 
after his name. 

In 1877, Bunge and Schmiedelberg perfused the renal artery of with 

gly’cine and benzoic acid and they found hippuric acid in the renal wUi, 1 In- ImI 
to a belief that svnlhesis of hippuric acid w.as a funclimi of the kidiuy. Iite 
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as 1921, Kingsley and Swanson proposed hippuric acid synthesis as a test for 
renal function. It is quite evident that hippuric acid being a nitrogenous product, 
its excretion would become defective in renal damage. In 1925, "Bryan (3) studied 
the synthesis of hippuric acid as a test for renal function and made some important 
observations, which 4i4 ^ot attract his own attention but which proved to be of 
great help to the later workers. In his figures, he quoted reduced synthesis in a 
limited number of cases showing the liver damage. Prior to this and as early as 
1 91 1, Friedman had already demonstrated that the synthesis of hippuric acid could 
take place in the liver of the rabbits. Linking of this knowledge to Byran’s find- 
ings was fairly easy and Quick started working on this problem. In 1926 he de- 
monstrated that hippuric acid is synthesized only in the Kidney in case of dogs 
but so far as the other animals and man are concerned, most of this synthesis took 
place in the liver by the agency of the enzymes hippuricase. He showed that 
very negligible synthesis also occurred in other tissues including the kidney. He 
further differentiated between hydrolysis of hippuric acid and the synthesis of the 
same. He also pointed out that benzoic acid is also excreted as glycuronic acid 
monobenzoate under certain conditions. 

In 1931, Quick had completed the following data; 

(1) The synthesis occurs chiefly in the liver and the amount formed in any 
other tissues including the kidney is so negligible as to be insufficient to 
compensate for lessened synthesis in the liver. 

(2) Ihe renal excretion of synthesized hippuric acid is almost hundred per 
cent in all normal men and this is only affected in cases of gross renal 
failure. The renal excretion is, therefore, only an indication of a 
hepatic synthesis. 

(3) "Ihe whole liver is required for an efficient S3mthesis and any reduction 
in the synthesis is an indication of damage to even a small part of the 
liver. 

He therefore suggested that hippuric acid s3mthesis could be used as a test for liver 
function and in 1932, he published his method and the results. 

C. Ph3'siological considerations: 

Question would arise whether liver alone can form glycine and why should a 
normal li\er produce glycine. Various workers have shown that the capacity to 
form glycine is mainly confined to the liver. It forms glycine not only to supply 
for buliding up of tissue proteins but also for s3^nthesis of glycocholic acid of bile, 
(dycochohc acid is formed by conjugation of glycine and cholic acid. This has 
been one of the established functions of the liver, leave alone the detoxication. 
Lvidently the glycine is not specially prepared by the liver in response to adminis- 
tration of sodi benzoas in the test. To be quite clear, test was made for glycine 
and gh cine is not made for the test. S3’'nthesis of gl3fcine by liver takes place at 
.1 certain rate in a normal liver and this could be increased till a maximum could 
be reached, bc\ond vhich gl3'cine production cannot increase. The test, therefore, 
tc.'ts the maximum capacit3’ of the liver unlike the others where a minimal capa- 
city is brought out by normal readings of those tests. The test is not positive in 
the latter case till the disease process in the liver is far advanced. On the other 
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hand the reduction in the maximum capacity is immediately brought out a re- 
duction in the synthesis value with the present test. The reduction of synthesis 
value is referred to as a positive test. It now, therefore, follows that this test does 
not suffer just because the liver has an enormous reserve power to fulfill other 
functions. The test measures the reserve power already and measures its reduc- 
tion also. If at all anything could -be offered as a criticism for this test, it is the 
too great a delicateness which would give a positive test arising from extraneous 
influences on the liver. The test is only a measure for the detoxication function 
of the liver and of the entirety of the liver. 

Glycine is essential for body growth and is derived both from food and from 
S3mthesis in the liver. Connective tissue, gelatine and keratin are very rich sources 
in the food. As a rule, vegetable proteins and milk give a poor supply. In the 
basis of this test, exogenous ingested glycine is eliminated as the patients are only 
allowed tea, coffee and toast one hour before the test in the morning. Whatever 
glycine, therefore, is used up in the synthesis of hippuric acid in this test is an 
endogenous product. 

Glycine, for whatever normal purpose it is formed in the liver, can be short 
circuited. Benzoic acid deviates it from its normal views in the body. In the 
test the glycine combines with benzoic acid to form hippuric acid instead of com- 
bining as it normally should combine with cholic acid to form glychocholic acid of 
bile. This deviation to form hippuric acid is to protect the bod_v against benzoic 
acid which is harmful and which cannot be m.etabolised bv the bodj'’ tissues. Bj'’ 
such a conjugation the liver detoxicates benzoic acid and converts it into hippuric 
acid, which is perfectly harmless and is perfectly easily excreted by the kidneys in the 
urine. This test, therefore, measures the detoxication function — an important and 
a vital function indeed. 

The amount of sodi benzoas ingested is so adjusted in this test that the maxi- 
mum amount of glycine that may be produced in the liver is conjugated with the 
benzoic acid and there is more than enough of benzoic acid than can be used bj' 
glycine in the process of conjugation in the period under test. As the test involves 
a time factor (speed of glycine production) in addition to the amount, the final 
time limit has been so adjusted that the constant maximum speed of glycine produc- 
tion is assessed. Further, allowance of time maj^ increase the amount of hippuric 
acid but the rate of hippuric acid excretion would not rise. If the gl3'cine is not 
available in the period of the test, some benzoic acid conjugates with glvcuronic 
acid and is excreted as monobenzoate of gtycuronic acid. 

Test is also based on the fact that excretion of hippuric acid in the urine is 
alwa3^s greater and more speed3' than the hippuric acid s3'uthcsis In’ liver and otlier 
tissues. This is shown b3f the speed of e.xcrction of sodium hippurate wlien inject- 
ed intravenous^. This test has a limitation that if the kidrun’s arc damagcfi and 
if thex’ do not excrete nitrogenous excretion products ofilcientlN', the lest will fail 
and is contraindicated because hippuric acid is a nitrogenous product. 

Some facts about glycine s3'nthesis have been studied. Gfwinc' has the pn- 
pert3’ of opening the lumen of the glomerular tuffs. In its ab-eme, the tuft'- do not 
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open and if glycine is perfused, the tuft< f»pen out in direct proportion to^ the glycine 
perfused. Itlay be that protein deficiency of which glycinf delicienc)* is the tinibt 
type, may cause renal damage in this way. .Again if glycine i^ short ciumhed A 
benzoic acid and if body is not allowed its ttormal use. the amount fd tiric and 
excretion in the urine is diminishetl. Following the performance of this tCsi and 
after the ingestion of primes, there is inn cased liippnric acid i-xcretion atid a dimi- 
nished uric acid excretion in the urine, (louty eases are, thendore, to he a\oidc( 
for using this lest for liver function. Failure of detoxication in the liver may be tlu 
probable genesis of gout. This lessened excretion of uric acid may be one of da. 
results of deficiency of glycine, in absence of which the glomerular tufts do md pro- 
perly open. 


Pigs and rabbits can synthesize large amoimls of glycine. Dogs synthesize 
glycine poorly. The synthesis has also been studied experimentally in various ani- 
mals. No evidence of better synthesis is available in carnivora as compared with 
herbivora. It would be interesting to note that such an animal as camel has also 
not been an exception to the performance of investigations for the medical research. 
Slight differences in rate and amount of glycine production have been noted m 
different animals e.g. mice, rabbits, etc. 


Some work has been done to find out the relation between the quantity of urine 
excreted and the hippuric acid present in the urine. The number of factors con- 
cerned in the urinary output are so many and uncontrollable that it could only be 
proved that the same patient excreted hippuric acid in a little varjdng quantity if 
the quantity of urine varied. The results arc, therefore, inconclusive. 

Production of glycine by the body is proportional to the surface area of the 
body. Taller and bulkiar individuals can fonn more glycine than the shorter and 
thinner ones. This evidently does not vitiate the test because the ratio of the 
weight of liver to the body weight is unaltered in any case and hvpersynthesis of 
hippuric acid by the bulky is no objection to the efficacy of the test. Hypersyn- 
thesis is definitely rare and a reference \vill be made to it in the later part of this 
paper. There is no correlation of synthesis to the body weight as has been observ- 
ed by Machella. 

3. Record of work. 

(i) Oral method: 

There is always a scope for variation of normal values of the different popula- 
tion in all biochemical standards and it was, therefore, necessary to estimate the 
normal values of the local population. This work was undertaken during the vaca- 
tion and the volunteers available were too few. However, 36 volunteers could be 
enlisted. Quick s oral technique and the modified clinical method of estimation 
were used but in order to offer facility to the candidates volunteering, the technique 
used by Rennie (4) of collecting only one four-hourly sample was used. Hourly 
samples were collected in four volunteers only. All other directions described in 
the first part of this paper were strictly adhered to except for the fact that one glass 



HIPPURIC ACID AS A LIVER FUNCTION TEST 


57 


of water was allowed instead of half a glass. This was because of two considera- 
tions — hotter days of hotter climate and the habits of the people under test. 

The persons taken up for the test were members of the staff of this department 
and medical students. The series, therefore, does not correspond to the method of 
taking random samples in the true statistical sense. All the same this was the onty 
thing that could be done. The volunteers were all apparently in perfect health. 
A cursory physical examination was always done. None gave history of previous 
liver disease, jaundice, treatment witli metallic drugs, addiction to liquor, a vene- 
real disease, and dnig addiction. Their Kahn’s test was negative. Liver was not 
palpable. There was no tenderness or fullness in the right hypochondrium. 
None had a history suggestive of renal disease before and there was no albuminuria 
in any. 

Four hour period was not any wa}' trying for the healthy persons but five 
volunteers vofnitted the drug out of 36. Thej' had to be rejected from this series. 
Most of the volunteers used cardamom, pan and betel -nut to avoid nausea. There 
was marked variation in the amount of urine brought out at the end and some 
volunteers brought out excessive^ large amounts of urine showing the diuretic effect 
of the drug. The minimum four-hourly urine was 137.5 cc. The maximum was 
553 cc. The average works up to 220 cc. 

Below are given the values as obtained in this series of 31 healthy volunteers. 
The Values are expressed in terms of benzoic acid excreted as hippuric acid: 


TABLE I 


Number. 

Values. 

Number. 

\‘alues. 

1 

2-37 

17 

3 J 2 


2,86 

iS 

2.96 

3 

2.63 


3 '7 

■1 

2.90 

20 

2 . 89 

3 

2.90 

21 

3'.3 

Cl 

2-93 

•» -> 

2 68 

7 

*1.96 

23 

3 - 2 .) 


3 -‘l 3 

2-1 

3 21 

9 

2.88 

25 

2 97 

10 

2.97 

2(t 

3 -M 

11 

2.95 

27 

3 •)'> 

T ’ 

2.96 • 

28 

3 >>" 


2.68 

29 

2 

^ 1 

2 .69 

30 

2 -ij 


2.97 

31 

2 58 

\b 

2.90 

— 

— 


.Vvi'ragi': 2.62 

*lf No. 7 is oxcliidocl lor llir ic.isons mcniioncil Ivlow tlv' i' 2 oi o-ui;!! 

Mc.an: 2.97 {.Aniprir.iTi j.io, Ki-nnic) 

Standard deviation; 0.23 
Co-eflicient of variation: 0.77 
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*No. 7 had to be excluded. It is exceptionally low. 'I hc person had a cholera 
like diarrhoea on the next day evening after the test. Ho was therefore incu latmg 
some infective disorder or had a toxic metabolic effect on the liver during the cs . 
The synthesis was therefore low. The author tried to induce him after recovery to 
get the test repeated but as he had a suspicion that the drug was a cause of his .‘'e\crc 
diarrhoea, he did not get it done again. 


It would have been ideal if all the tests could have been repeated on the same 
individuals but it was not possible. Only in five cases could the tests be repeated 
and these are included in table No. i on their average result. Results ^^cre as 
under : 


Four one-hourly samples were collected in four cases only', 
tained are as under; 


The results ob- 


TABLll 11 


Serial No. 

TSt. 

2nd. 

3rd. 

4lh. 

5 th. 

Average. 

4 

2,87 

2.76 

2.97 

2.88 

2.92 

2.90 

lO 

3 ' 4 C' 

3.00 

2.88 

2.92 

2.70 

2.99 

17 

3-21 

2.90 

3-31 

3-o6 

3.12 

3.12 

21 

2.92 

3.44 

3-55 

2.89 

2.96 

3-15 

28 

2.74 

3-24 

2.98 

3-34 

3 -rr 

3.0S 


TABLE III - 

Serial No. 

I 

2 

3 

4 

Total. 

24 

0.75 

0.80 

1 .02 

o.6.j 

3.2T 

25 

0.78 

0.67 

1.08 

0.44 

2.97 

29 

0.68 

0.67 

0.78 

0-75 

2.88 

31 

0.63 

0.78 

0 

to 

0-45 

2. 58 


It is not possible to draw any far reaching conclusions in such a simple work 
as this. Certainly the oft repeated remark that 3 g. is not the normal minimal limit, 
also holds good for Indians. Results expressed above are quite consistent with 
wor ers in this field abroad. Though statistically these figures do not represent a 
random sample, arbitanly with the condition obtaining in this laboratory, the author 
IS inclined to set a minimal normal limit as 2.7 g. and would consider it as hundred 
pr cent efficiency. A variation of go% to 120% is allowed as normal. If the test 
IS low, it must be repeated as has been the dictum. One single low reading in 
absence of clinical manifestations should not be taken as indicative of hepatic 
damage unless the result is repeated and is consistent. 
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(2) The intravenous method was also followed : A normal scries of 21 volun- 
teers selected on the same criteria as in the oral method were enlisted. Quick’s 
teclmique described in the first part of this paper was strictly followed. The ampoules 
and the solution were prepared with personal care. The injection was given by 
the author (except himself) and the time was carefully controlled. No cathe- 
terization has been done. Oral route is no longer a method of choice by the clini- 
cians as the intravenous route gives some additional advantages mentioned in the 
previous part of this paper. It was, therefore, also necessary to stud}' the normal 
values with the venous test after technique of estimations was gone through with 
the oral method. i\Iembers of the staff and the medical students formed the volun- 
teers for this test. The results obtained are as under: 


TABLE IV. 


Number. 

Values. 

Number. 

Values. 

I 

o.bS 

12 

0.8S 

0 

0.74 

13 

0 Si 

3 

o.8q 

i-t 

0.8.) 

•1 

0.62 

15 

0.S7 

5 

0.70 

16 

0.O6 

6 

0.77 

17 

0.88 

7 

0.71 

iS 

o.Cj 

8 

0.S6 

19 

o.8j 

u 

0.70 

20 

0.S2 

10 

0.76 

21 

0.72 

II 

0.67 

— 

— 


Average: 0,78 
Mean: 0.75 

Standard deviation: 0.0.) 
Co-efficient of variation : o.o^ 


Average quantity of urine in this scries was 68 cc. Here again, no far reach- 
ing conclusions can be drawn. The results arc consistent but a large serie.^' with 
intravenous test has not been published so far in India. .American value i.s 0.7 g. 
to 0.0 g. representing 90°(, to 120%. The author considers 0.7S g. as loo'b, for 
the tests in his laborator}’. 


I'fl/fU’s iv disease . — Thirty tests have been done on ca>e> <if v'atiou^ \.iri(\ir- 
referred to this laboratory. This was done not with a view to di'ro\er ^omidhini: 
new but some cases were sent up by the clinicians for hepatic efiu ioncy u-t tuni 
some group.s were studied with the co-openition of the clin'.ci.sn *0 w if the .author 
could eorroboatc the work already done on this Mibjert di'ru-'''t3 in the Isiei 


part of this paper. 
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The results obtained were as under: 

TABLl-: V 


Diagnosis. 

Total No. of ( as 

;es. Value.s. 

Tiibercular peritonitis 

1 

0.77 

Toxic hepatitis {arsenic (il) 

1 

0.32 

later 0.35 

Infective hepatitis 

6 

O.J.1, later o..)!, 

0.32. 0.31. 0.21. 
0,1.1, and 0.7.1 

Amyloid degeneration of liver 

1 

0.3.5 

Atrophic cirrhosis-post-hepatitic 

1 

O.T 3 

Portal cirrhosis 

5 

0.17, 0.1.1, 0.35. 
0.22, 0.15 

Normal pregnancy 

J 

0.70, 0.2.1, ‘’-'‘t 

Congestive cardiac failure 

2 

0.35, 0.39 

Obstructive jaundice 

I 

0.33 

Long undiagnosed jaundice 

'> 

0.08, 0.32 

Amoebic hepatitis 

2 

0.31, later 0.55, 

Infantile cirrhosis 

1 

0.22 

0.14 

Colloid goitre 

1 

0.25 

Subacute yellow atrophy 

I 

0.38 

Hyperemesis gravidarum 

2 

0.18 

Dyspepsia-neurosis 

I 

0.71 


The author has no remarks to offer on these results. The clinico-pathological cor- 
relation has been done in all these cases. All of these have been clinically seen by him 
also. The diagnosis has been entered after the discharge of the case b}^ a final 
review of facts. Amongst the various factors considered, the following were con- 
sidered very carefully : 

(1) Nature of suspected disease of liver and likely pathological changes in it. 

(2) Next probable diagnosis. 

(3) History and physical findings. 

(4) Present condition of the patient with special reference to co-existent ill' 
ness and septic foci. 

(5) Historj? of jaundice — when — course of illness and progress till date. 

(6) ^ Condition of nutrition — daily menu — whether sufficient protective foods 

per week per head. 

(7) Any addictions — alcohol, country liquor, toddy, opium, etc. 

(8) Family history and venereal disease. 

(9) An}' previous treatment with metallic drugs or a suggestive history — 
occupation. 

(10) Investigations done with special reference to plasma proteins. Van den 
Bergh s test. Icteric Index, W. R, Prothrombin time and Liver biopsy. 

(11) Response to therapy and progress. 

The author likes to point out three interesting cases, "where the test helped to 
revise the diagnosis. 
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Case No. i A lady, aged 27 years was admitted for ascitis, oedema of feet and 
breathlessness for a month. She was diagnosed as a case of 
cirrhosis of liver. There was hypoproteinaemia also. Intra- 
^■enous test gave a synthesis value of 0.77 g. The li\'er biopsj^ 
did not reveal fibrotic changes but suggested focal necrosis. The 
diagnosis was revised as tubercular peritonitis. The patient had 
an enlarged tymph node in the neck. The biopsy from wliich 
showed tubercular Ij'mphadenitis. The ascitic fluid also gave a 
consistent picture. But for normal synthesis, the case would 
have been diagnosed and treated for cirrhosis of liver. 

Case No. 2 A male, aged 35 was admitted with dyspeptic sjunptoms and 
complained of morning nausea and gastritis. The case was diag- 
nosed as early cirrhosis. The intravenous test gave a normal 
value of 0.71 g. The case was finally diagnosed as one of an.xiety 
neurosis. 

Case No. 3 An under trial male prisoner, aged iS 3'ears, developed jaundice 
during arseno tlrerapjc The case was diagnosed as subacute 
nodular atrophj- of the liver in view of signs. The patient had 
a single test done before discharge. A value of 0.74 g. was ob- 
tained with the venous test. The recoverj^ of s}mthesis was 
uneventful and the diagnosis at discharge was changed by the 
clinician to infective hepatitis — cured. 


The general impression prevails that this test is mainly of value for diagnosis 
between hepatic and e.xtra hepatic jaundice. However, this is not so and the lest 
has much wider clinical applications as seen above. A wider usage and a follow 
up in certain disease groups may throw more light on obscure etiological factors of 
diseases like cirrhosis of A-arious t\-pes. During these investigations hj’poprotcinac- 
mias existed with a normal sjmthesis value. Liver biopsy failed to reveal structural 
changes in clinically well defined cases, while the s3Tithesis was invariabh’ markcdl3' 
defective in tliem. The biochemical changes in the liver ma3' be precursors to what 
is seen in the liver during life and autops3' b3' a histological study, Svntiiesis 
improved as the clinical condition improved and came to normal after all the signs 
had disappeared for some time. Prothrombin time was increased in all jaundiced 
cases. The arsenical hepatitis gave a positive Van den Bergli’s test. 


4. Discussion on published data: 

(i) Foreign work on this test: 

In 1932, the test was developed bv Quick, working in connection with siirgic.d 
research. In his first publications. Quick performed the test in a ^nlaiI number of 
36 cases with the oral technique. Hi.s normal value was 2,90 g. to 3.53 g. in four 
hours and the excretion reached 1 g. in second and third hours. He called thi-^ 
normal efficiency as 85*1^, to 110 "^,. Taking 3.2 g. as the average le.uiing of hi- 
scries, as xoo'’^,, the normal cfftciencx’ works up as 9o‘'o to no”;, but being juobiblv 
aware tif the technical difficulties that then existed. Quick stem- to h,tv< .dlou, d 5”,, 
margin of error on safer side. He showed th.it a i-aundire of ob-trurtivc 
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could be diffcrcnlialcd from hopalo-loxic l_ype by this test, d'hc hippuric acid syn- 
thesis was reduced in all casesc of toxic or infective jaundice, while jaundice of 
cholelithiasis and cholecystitis did not reduce the synthesis in earl}' stage. He 
showed that clinical disappearance of jaundice in the infective toxic group was not 
a true cure as the synthesis and hence the detoxication function of the liver was 
still deficient for some time later. Only when the synthesis came to normal, the 
patient is perfectly normal and free from the disease. He recorded diminished 
synthesis in syphilitic cirrhosis of liver and carcinoma of the head of pancreas. 
This was the only liver function test that showed liver damage in cases of secon- 
dary metastasis in the liver. He showed that the jaundice from whatever cause 
will reduce synthesis if it is sufficiently prolonged but in a jaundice of acute onset, 
he considered low synthesis at early stage as diagnostic of catarrhal jaundice which 
w'e now call infective hepatitis. His further work also showed that persons with 
50% reduction in hippuric acid synthesis gave poor surgical risks. In his experi- 
mental studies he showed that anaesthetised dogs showed early diminished syn- 
thesis and no histological change in the liver cells while his control animals deve- 
loped jaundice and histological changes at a later stage. He advances this evid- 
ence as significant of this test being a very sensitive one for liver function. AH 
these observations stood the test of subsequent observations. 

In his observations, Quick stated that portal cirrhosis of the liver always gave 
a normal synthesis value. Rennie on the contrary later showed that all cases of 
portal cirrhosis show'ed a diminished synthesis. In 1936 Quick also corrected his 
views and obtained the findings similar to Rennie. In 193b, Quick recorded nearly 
Mrmal synthesis in cases of congestive cardiac failure in cardio-vascular diseases. 

ardumian and Rosenthal while studying the cardio-vascular diseases showed that 
so ong as congestive cardiac failure has not set in, the synthesis was normal 
ut as soon as congestive cardiac failure sets in, synthesis is definitely diminished. 
Later, \ accaro (5) also recorded similar findings. 

1 ^^^'^ished synthesis is a contraindication for treatment with hepatotoxic 
c rugs 1 -e N^eosalvarsan, Mapharside, Cincophen, etc. Riddel (6) states that dimi- 
nisie synthesis appears much earlier than the onset of jaundice during arseno- 

erapy an 1 proper testing facilities are available this test can be easily used as 
a warning signal. 


Hischheimer (7) studied the synthesis in cases of pregnant women in a large 

pregnant women exhibited significant reduction in hip- 
puric acid synthesis. The test returned to normal in them after the delivery. He 
s re.se a e test loses all its value in these cases unless a satisfactory and 
complete excretion of hippuric acid occurs in the liver after the intravenous' injec- 
tion of sodium hippurate. This check test for renal function is necessary as renal 
damage IS more common m pregnant women than in rhe population. He even 
states that it may not even be correct to interpret this test as showing liver func- 
tion in pregnant women because of the physiological changes and the needs occur- 
ring in this state. The disordered physiology of pregnancy may render it even null 
and void. In his series, more than half of the cases of women with uncomplicated 
pregnane}, showed subnormal synthesis. .Women with evidences of toxaemia of 
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pregnancy showed a still higher incidence of diminished s3mthesis. Toxaemic 
group also showed diminished power of renal excretion for hippuric acid after the 
the intravenous injection of sodium hippurate. 

The test has been studied in cases of myasthenia gravis and progressive mus- 
cular atrophy. It is normal in both these conditions. Evidentlj-, therefore, gly- 
cine is not formed in the muscle and treatment b}"- ghxine for muscular d\'stroph\’ 
is not likety to be useful. 


Yardumian (8) recorded normal s\'nthesis in h^vperthjToidism, unassociated with 
heart failure but Bartels states that the sjmthesis is alwaj^s reduced in hyperth3uoidism. 
The probable reason is the gl3'^cogen depletion due to excessive glycogenolysis aris- 
ing out of the increased metabolic activity in this condition. Haines (9) also 
studied this problem. He noticed one additional alteration in ph3'^siology of l^per- 
tlwroidism. Not onty is there a diminished synthesis but there is also 
disturbance in the ' mechanism of s3'nthesis b3’’ the enz3'me hippuricase. 
Whenever s3m,thesis is reduced in other diseases such as infective hepatitis, the 
S3mthesis returns to normal if the test is done soon after the oral administration of 
gtycine in doses of 3 g. or a feed of gelatine, which is rich in glycine. It is not 
possible to bring the reduced S3mthesis to normal in cases of h3'perth3'roidism to 
normal b3’ an3' such procedure. This means that even if gl3'cine is made available, 
liver cannot conjugate gl3^cine with benzoic acid. The enz3'^me si^stem mai^ be 
absent or inactivated. The S3mthesis is reduced irrespective of the fact whether 
the jaundice or cardiac failure are present or not. Further, Haines has shown that 
it is ver3'- unwise to build an opinion on the surgical risks involved on the results 
of this test onhL The question whether the operation should be done in one or 
more stages also did not alone depend on the results of this test, as in his opinion 
this test is so delicate that even transient functional change^ in the li\’cr up^et tlic 
synthesis considerabh’^ without increasing the surgical riks. 

Hippuric acid synthesis has been studied in relation to schizophrenia. Strom- 
Olsen (10) states that catatonia of this disease is not associated in an\- wa3’ with 
reduced s3’nthesis. Ouastel (ii) in 1940, denied that truth of the above statement 

Quick included 2 cases of pernicious anaemia in his original 32 tests on di^ea-od 
He recorded diminished s3mthesis in one and this disease was therefore studied In’ 
other workers. Fonts (12) showed that there is reduction of S3'nthcsis in tluT di.-ea-e 
He also showed that the lower value of s3’nthcsis varied irrc'pcctivclv and had no 
inlluencc on the dose requircmenls of liver extract to bring about a rcini^^ion m 
these cases. 


Most of the above work has been done with the oral tO'-t. \erv few paper- 
have been published with the venous test, which came in vogue in 10 |o. .Mif'h 
advance has been done in the technique of the tc.'-i. Foiloning Quick, f.uinre !>■> 
obtain results similar to him was commonh’ noted and --(.vir,!! -hort <ojn!nc' in 
the performance of the tc-t were studied and removed. 

Rennie collected four hourh* sample- only and not o!!.> Siour!}’ tiu '-our lec.ir- 
Hi- range of normal in a ver}* large serie- wa- 2.40 to 4.30 c 'aith .1 r.u -m 
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3-19 g- The standard deviation was 1.07 g. and the standard error +0.13 g. e 
showed for the first time that a single normal reading excludes liver damage u a 
single low synthesis value does not mean liver damage. The test must be repeate 
in cases of low values in apparently healthy persons and if the results are consis 
ently low, there is liver damage. As low as 0.71 g. value was obtained for our 
hourly collections in many normal cases and these individuals had a previous or 
subsequent normal results, when the tests were repeated in his series. He attn 
butes it to the failure to empty the bladder completely and recommend that ca e 
terization should be done in all females and males with weak abdominal muse es, 
or enlarged prostate and in the aged. 


Delor (13) who studied a number of normal values finds that 3.0 g. 
hippuric acid synthesis for four hourly collection is a minimal normal length. ^ 
considers bromsulphthalein test was a little more sensitive than the hippuric acid tes . 
Machella (14) also endorses this view but Matecr (2) finds bromsulphthalein to be less 
sensitive than the hippuric acid synthesis test. 


It was discovered that soluble fraction of hippuric acid after the urine is acidi- 
fied is variable because solubility of hippuric acid in the urine is not constant. 
Quick’s method of estimating this fraction for calculation by multiplying the num- 
ber of CCS. of urine by 0.0033 g. was based on assumption that the solubility is con- 
stant and is 0.33 g. for 100 cc. of urine. When it was found that this sometimes 
meant too less, the reason for low figures obtained in many normal urines by others 
was understood. In 1940, Quick modified his method and recommended that along 
with the acidification of urine, 100 g. of ammonium sulphate should be added to 
every 100 cc. of urine. Under these conditions, maximum precipitate of hippuric 
acid is thrown out and the soluble fraction becomes constant. With this method 
only o.i g. of hippuric acid is to be calculated as soluble fraction for every lOO cc. 
of urine acidified. With this improved method he has now revised his original 
statement that the normal efficiency is 85% to 110%. His recent figures state that 
the normal efficiency of liver is 90% to 120%. 


Albumin if present has to be removed by coagulation by boiling the urine and 
acidifying with few drops of 20% acetic acid. Bile also should preferably be re- 
moved. Values higher than 120% is probably due to the larger quantity of urine 
secreted does not signify any hepatic deficiency according to some workers. On 
the other hand, Rosenbach doubts this fact and calls the hyperexcretion of hippuric 
acid as a hyperexcitable stage of hepatic damage. When the quantity of urine 
is large it was recommended that it should be concentrated on a water bath to 
50 cc. In view of improved method of estimating the soluble fraction of hippuric 
acid as described in the above paragraph, this step is now unnecessary with this 
method. Weischelbaum and Probstein state that should ammonium sulphate be 
not used, the soluble fraction of hippuric acid should be calculated as 0.55 S- 
cvery^ 100 cc. of urine. 


In 1940, Probstein and Londe obtained higher values in normals and came 
to the conclusion that 4 g. of sodi benzoas given orally was quite a sufficient dose 
in place of 5.9 g. Out of the dose given, 50% is e.xcreted in first two hours and 
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80% in first four hours. They plotted a curve by taking time in hours and per- 
centage excretion in a graph. Any deviation of normal shape of the curve of ex- 
cretion indicates damage to the liver, though total four hourly collection may be 
normal. 

They consider 50% excretion in two hours as a complete test and recommend adop- 
tion of this method so that the test period is cut down by two hours. Further 
they studied the test in children. In their opinion, 3 g. of sodi benzoas is a suffi- 
cient test dose for children weighing up to 60 lbs. 

Paulson (15) obtained 16 low values of synthesis out of a series of 25 normals 
in a cancer clinic. His normals consisted of patients coming up for a disease un- 
related to liver and kidnejc The patients were aged and some must have toxic 
influences working on the physio log}' of the body. Some must be dehydrated to 
some extent or malnourished or cachetic. This group, therefore, docs not represent 
a normal population and paulson’s criticism on normal values with this test is not 
in any case appealing or acceptable. The above review completes the summarj' of 
continental and American work published in the English language on this sub- 
ject. The German, French, Russian, Australian and Mexican work has not been 
possible to go through because of language or inavailability of journals. From 
references available, it seems some work has also been done with this test in a 
tuberculosis sanatorium and in infectious diseases hospital. But for these excep- 
tions, there exists hardly anj' published record of the test in the foreign journals. 
(2) Indian work: 

At the K. E. i\I. Hospital, Bombay, Raghavan (16) has carried out some work 
with this test and a preliminary report of this was published in the Indian Phj’si- 
cian in 1943. Ten normal subjects were taken and eight out of ten showed synthesis 
above 3 g. The other two of the series showed less than 3 g. the lowest being 
2.5 g. Many patients were taken up for the performance of the test and the results 
correspond fairly well with the work analysed above. 

There is a publication of this test in the January issue of Antiseptic for the year 
1942, from IMiraj Medical Centre. Joseph in this paper reports his findings on 12 
apparently healthy medical students. With the use of oral hippuric acid sj’nthcsis 
test, he obtained an average value of 3.1 g. He used the oral test only. Ihc 
ranges are not stated but there must have been some values below 3 g. He ai^f) 
performed the test on 34 diseased individuals comprising of cases of cirrho.sis of 
various varieties, catarrhal jaundice, amoebic hepatitis etc., with results situilar to 
those quoted above. 


SUMM.\RY 

The test has proved useful to detect and estimate hepatic ficficioncy uid to 
help the differential diagnosis as well as the prognostic inference'. It h.!' coturi* 
huted towards better understanding of the physiology of tin liver. Tin -• critori.i 
being satisfied, the test is now introduced for routine worlc in thi- i.thoratnry. 
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II. 1. JHALA 


In view of recorded facts and from the facts observed by the author in connection 
with this test, he concludes this paper with an observation that the use of hippunc 
acid synthesis as a liver function test is a very valuable and a very simple laboratory 
method in the diagnostic and prognostic armamentorium of a clinical pathologist. 
It assesses the detoxication function of the liver adequately. Since his writing 
this paper, an interesting paper by Dr. P. N. Wahi ^I.D., M.R.C.P. on study o 
liver disease has appeared in the Indian Medical Gazette Vol. LXXI no. n 
November 1946. 

1. Result of 105 hippuric acid synthesis test for liver function have been 
recorded using: — 

(a) Oral route — 31 normals. 

(b) Intravenous route — 19 normals and 30 diseased. 

2. Tests are described in detail. 

3. A historical resume is presented on the work done in India and abroad. 

4. Liver function and value of this test is discussed. 

5. An attempt is made to declare this test as of value in assessing the liver 
damage. 
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Expekimkntat- 


Other than esterase . — With a view to find the action ol cholinc-esterasc isolated 
from cobra venom on simple ester if any, the following s>ots of experiments were 
prepared : 

A. 2.5 cc. of 1% Acetylcholinechloride and 2.0 cc. of phosphate buffer of 
/)H7.4 and 0.5 cc. of pure choline-esterase solution containing i unit e.g. 
0.0508 mg. 

B. 2.5 cc. of Meth5d butj^rate emulsion (i cc. in 9 cc. of normal saline) and 
2 cc. of phosphate buffer of pYi 7.4 and 0.5 cc. of pure choline-esterase 
solution containing 10 mg. 

0 

Control was always done by . destroj^ng the activity of choline-esterase at 70 ^ 
for 30 minutes and then mixing in the proportion used in actual experiments. The 
activity of each of the solutions was determined at an interval of 10 minutes, in- 
cubating temperature being 37 °C. In addition, the activity in the case of B was 
also determined after a period of six hours. The readings obtained in the three 
experiments are tabulated below in terms of cc. of the alkali consumed after deduct- 
ing the respective control figures. 


TABLE I 


Strength of alkali — 0.02N Potassium hydroxide. 


Experiment. 

Expt. I. 

Expt. 2. 

Expt. 3. 

A 

B 

B (after 6 hours) 

1.4 cc. 

0.00 cc. 

0.00 cc. 

1.4 CC. 

0.00 cc. 

0.00 cc. 

1.4 cc. 

0.00 cc. 

0.00 cc. 


A COMPARATIVE STUDY OF THE ACTIVITIES OF CHOLINE-ESTERASE AND OF OTHER 
esterase in crude cobra venom AS WELL AS OF THOSE IN NORMAL HORSE SERUM 

For this experiment, the following sets were prepared: 

A. 2.5 cc. of 1% acetylcholinechloride and 2 cc. of phosphate buffer of /'H 

/.4 and 0.5 cc. of cobra venom containing i mg. 

B. 2.5 cc. of 1% acetylcholinechloride and 2 cc. of phosphate buffer of 

7.4 and 0.5 cc. of normal horse serum containing 72.15 mg. of protein 

per I c.c. 

C. 2.5 cc. of metlwl butyrate (i cc. in 9 cc. of normal saline) and 2 cc. of 
phosphate buffer of pW 7.4 and 0.5 cc. containing 10 mg. cobra venom. 
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D. 2.5 cc. of methyl butyrate (i cc. in g cc. of normal saline) and 2 cc. of 
phosphate buffer and 0.5 cc. of normal horse serum containing 72.15 mg. 
of protein per i cc. Controls were done by destroying the enzyme activities 
by heating at 70°C for 30 minutes and then mixing it in the proportions 
used in the respective sets of experiments. 

Readings were taken as usual and are tabulated below in terms of cc. of the 
alkali required after deducting the respective control figures 


TABLE II 


Strength of alkali — 0.02N Potassium hydroxide. 


E.xperimenl. 

Expt. I. 

Expt. 2. 

Expt. 3. 

A 

1.40 CC. 

1.40 CC. 

1. 40 CC. 

B 

0.36 cc. 

0.35 cc. 

0.35 cc. 

C 

0.24 cc. 

0.24 CC. 

0.25 cc. 

U 

1.26 cc. 

1.26 cc. 

1.25 cc. 


Other than lipase . — To ascertain if the choline-esterase had any lipase activity 
the following experiments were done : 

A. 2.5 cc, of the emulsion and 2.0 cc. of phosphate buffer of 7.4 and 0.5 cc. 
containing 10 mg. of pure choline-esterase. 

B. 2.5 cc. of the emulsion and 2.0 cc. of phosphate buffer of pH 7.4 and 0.3 cc. 
of cobra venom containing 10 mg. 

Controls were done as usual. Activities were determined of three sets of experi- 
ments after six hours and tabulated below in terms of cc. of the alkali consumed, 
after deducting the respective control figures. 


TABLE 111 

Strength of alkali = 0.02K Potassium hydroxide. 

Itxpcnnicnt 

A 
B 


Bxpl 


0.00 cc. 
0.00 cc. 


f> 00 CL , 
<> 00 C C 


Expt. 1 


0.00 cc. 
0.00 cc. 


Action of tributyrin as substrate.— With the object of finding out the notion <.f 
the enzyme on tributyrin as substrate the procedure utilised w.i- timt nfiopitd h>’ 
Rona and Itlichaelis (o) for the measure of the hydroh'-i- of tribulyrin by li^.r- 
esterase and subsequently employed by Wilblaeiter and .Mommon (loi in mntuoiio:, 
with the determination of the activity of the pancreatic Jip.iM'. 



70 


D. K. CIIAUDIIUKI 


A straight stalagmomctcr with a water value of 8i at 20°C was emplo3^cd. A satu- 
rated solution of pure tributyrin was used as substrate and buffered with M/3 
phosphate buffer for maintaining the /)H at 7.9. Two sets of experiments were done 
in the following way : 

(1) 25 cc. of saturated solution of tributyrin and to cc. of M/3 phosphate 
buffer at p\i 7.9 and 5 cc. containing 10 mg. of choline-esterase in 
normal saline. 

(2) 25 cc. of saturated solution of tributyrin and 10 cc. of M/3 phosphate 
buffer of /)H 7.9 and 5 cc. containing 10 mg. of crude cobra venom in 
normal saline. 

Controls corresponding to each of the above set of experiments were also compared 
with the actual as usual. The readings were taken at the interval of 60 
minutes which showed that a slight activity towards tributyrin was noticeable in 
the case of crude cobra venom while in the case of pure choline-esterase, activity 
towards tributyrin was definitely absent. 

Effect on Mixed Substrate. — Further confirmation of specificity of choline- 
esterase was obtained by the use of mixed substrate as followed by Stedman et al 
(i) in the case of serum choline-esterase. The method adopted in carrying out this 
experiment was to estimate the activities of the enzyme separately on acetylcholine- 
chloride (A. C.'C.) and methyl butyrate (M.B.) as substrate in the first instance and 
secondly with acetylcholinechloride plus methyl butyrate as mixed substrate at 
the interval of 10 minutes using one unit of pure choline-esterase i.e. 0.0508 mg. 
Ihe amount of each of the substracts used was the same as that used in the former 
e.xperiments. The readings are recorded at the interval of definite time as usual at 
37 C and are tabulated below in terms of cc. of the alkali required after deducting 
the respective figures for controls. 


TABLE IV 


Strength of alkali = 0.02N Potassium hydroxide. 


— — 







Sub^-trate. 

Choline-esterase (Pure) 


Cobra venom (crude) 



Expt. I. 

lixpt. 2. 

Expt. 3. 

Expt. 1, 

Expt. 2. 

E.xpt. 3- 

A.r.c. 

M. B. 

A.c.r. 

M. B. 

1.. }o cc, 

0.00 cc. 

1.. )o cc. 

i..)0 cc. 

0.00 cc. 

i..)0 cc. 

1-10 cc. 

0.00 cc. 

1-10 cc. 

1.40 cc. 

0.0 1 cc. 

1.41 cc. 

1.40 cc. 

0.05 cc. 
1.45 cc. 

1.40 cc. 
0.04 cc. 

1.45 cc. 


hrom the table IV, it is evident that choline-esterase was quite different from other 
esterases. 


ChoUnc-cstcrasc and Drug. J he specificity' of choline-esterase admixed with 
other enz\ mes \\ as further confirmed in the same way by the selection of some 
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chemicals which inhibited the activity of the enzyme with acet3dcholinechloride as 
substrate to a greater extent than that with methyl butyrate as substrate as was 
done byStedman et al (i) in the case of serum choline-esterase. The substance 
chosen for this experiment was the drug physostigmine sulphate. The activities 
were first determined with cobra venom as well as choline-esterase isolated from it 
already inhibited by a definite concentration of ph3''sostigmine sulphate, using firstly 
acetylcholinechloride as substrate, secondly emthyl butyrate and thirdl3' a mixed 
substrate composed of acetylcholinechloride and methyl butyrate the amount of the 
substrate in each case being the same as taken in the former experiments. The 
following sets of experiments were done in this wa3'^: 

A. 50 mg. of cobra venom in 5.0 cc. of normal saline and i mg. of ph3^sos- 
tigmine sulphate. 

B. TO mg. of pure choline-esterase in 5.0 cc. of normal saline and i mg. 
of physostigmine sulphate. 

Temperature was maintained at 8 °C at the refrigerator for a period of twenty-four 
hours at pH 7.4. The activities were then determined at 37°C towards different 
substrates with 10 mg. of physostigmine-treated crude cobra venom and with i mg. 
pltysostigmine treated pure choline-eaterase and the readings were recorded below 
in terms of cc. of the alkali after deducting the control figures. 


TABLE V 


Strength of alkali = o.02N Potassimn hydroxide. 


Experir 



A 


B 



A.C.C. 

M.B. 

A.C.C. 

A.C C 

M.B 

A C.C. - 

M.B. 

1 

0.00 cc. 

O.IO cc. 

O.IO cc. 

0.00 cc 

0.00 cc. 

0.00 

cc. 

2 

0.00 cc. 

O.TO cc. 

O.IO cc. 

0.00 cc. 

0 00 cc. 

0.00 

cc. 

3 

0.00 cc. 

O.IO cc. 

0,10 cc. 

0.00 cc. 

0 00 cc. 

0 00 

cc. 


Summary and Discussion 

The above results ainpty support the contention that the specificity of the 
enzyme choline-esterase isolated from crude cobra venom was absolute though 
Stedman and his pollaborators (i) obtained a product from normal serum which got 
negligibty small activity’ towards metlnd butyrate and tributyrin. But in this respect 
choline-esterase obtained from cobra venom was completeh' inactive towards sub- 
strates other than esters of choline. In addition the amount of the drug pliV'Ostig- 
mine sulphate neccssar3' for the complete inhibition of this enzi’ine in cobra venom 
using acet3'lcholincchloridc as substrates was responsible for onl\’ about bo”,, of 
inhibition towards methyl butyrate as substrate. 1 liis evidence aKo goes to prove 
the specific nature of the enzx’tne choline-esterase. Activities toward*^ mixed sub- 
strates b3’ the pure choline-esterase as well as the enzi’ine pro.'cnt in crude cohr.i 
venom showed further in the same wax' its specific nature. 
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Of the different factors influencing enzymic activitt’, temperature as well as 
irradiation plays an important role. Activities of most of the enzymes in aqueous 
solution are generally destroyed at a rapid rate even below ioo°C. Miyake and Ho 
(i), however, showed that aspcrgUlus oryagae amylase in solution was not completel}- 
deprived of its activity even when heated for two hours at ioo°C. The rate of 
inactivation of enzymes by heat is sometimes found to be unimoiccular as was 
observed by Arrhenius (2) in the case of dr};^ renin and pepsin as well as of tiy-psin 
and emulsin according to Tammann (3). Each enzj'me has, therefore, a tern* 
perature at which one half of its activity is destroyed in an hour which is called 
the critical inactivation temperatur of that enzyme. Sometimes a rise of tem- 
perature increases the activity as was observed b}^ Euler and Bli.x (4) in the ca,-c 
of catalase. Choline-esterase of cobra venom is very sensitive to heat. This will 
be evident from the following e.xperiments. 

Exposure to ultraviolet radiation inactivates an enzyme sohuion. Lrc.ase w.is 
destroyed when e.xposed to the ultra-violet rays as shown by Tauber (5). Sclig^flin 
(6) had shown that hydrogen ion concentration had a groat influence on the activity 

4 
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of blood catalase when exposed to irradiation. Similar phenomenon wa.s also 
noticed by Pincussen (7) with malt diastase and also by Uchara (8) with f)cp.Nin. 

Some salts are found to have influence on the activity of the enzyme when irra- 
diated. Kumanomidoh (9) found that the salivary amylase uninfluenced by vari- 
ous salts, was protected b}' them when the enzyme was exposed to ultraviolet rays. 
Pincussen (10) further showed that the enzyme was more easily destroyed in dilute 
solutions than in the concentrated one and also that the purified cnzt'rne was less 
stable than the crude one when subjected to the action of ultarviolet rays. He 
also showed that in presence of potassium iodide the activity of malt amylase was 
more quickly destroyed owing perhaps to the liberation of iodine when under irra- 
diation. But with pancreatic, salivary and aspcrgillus amylase the result was quite 
the reverse. Dre3^er and Hanssen (ii) found that the rate of inactivation, when 
the enzyme was exposed to irradiation was unimolecular with some enzymes, the 
rate being proportional to the amount of radiation absorbed. 

No evidence has so far been furnished bj' any worker regarding the effect of 
temperature and irradiation on choline-esterase in cobra venom. The results of the 
experiments done in that direction are recorded below. The pure enzjnne used in 
these experimnts was prepared according to the procedure suggested bj^ Chaudhuri 
(12). 


Experimental 
Influence of temperature 

{a) On the activity of pure choline-esterase : 5 cc. solution of 0.2% pure 
choline-esterase (A) in normal saline were taken in each of a number of test tubes ; 

of each soMion was adjusted at pB. 7.4. Another set of similar experiments 
vas arranged side by side with 5 cc. of 0.5% solution of the ’pure enzjnne (B). They 
were then heated at different temperatures for one hour. After this, the solutions 
m the different test tubes were cooled to room temperature and their activities 
determined from an aliquot portion. The results obtained in the two sets of experi- 
ments are recorded in the following table. The half-inactivation temperature of the 
pure choline-esterase was found to be qqX by this procedure. 


TABLE I 

Strength of alkali=o.o2N Potassmm hydroxide. 


Tempera- 

ture. 


Per cent. 

of original activity 

remaining. 




A 



B 


o°C. 

Expt. I. 

Expt. 2. 

Expt. 3. Expt: I. 

Expt. 2. 

Expt. 3 - 

87 

40 

4-1 

45 

50 

60 

100 

79 

50 

44-5 

3-0 

0.00 

100 

So 

50 

45 

30 

0.00 

100 

79 

50 

45 

30 

0.00 

100 

So 

50 

45 

3-2 

0.00 

TOO 

So 

50 

45 

3-0 

0.00 

100 

78 

50 

45 

3-0 

0.00 
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(b) On crude venom : Experiments similar to that described above with 5 cc. 
of each of a 0.5% (A) and of a 1% (B) solutions of crude cobra venom, was pre- 
pared and the results obtained are tabulated below. The critical inactivation tem- 
perature of choline-esterase in crude cobra venom was found to be at 45 "C. 

TABLE II 

Strength of alkali =o.02N Potassium hydroxide. 


Per cent, of original activity remaining. 


Tempera- 

ture 


A 



B 


o°C. 

Expt. 1. 

Expt. 2. 

Expt. 3. 

Expt. I 

Expt. 2. 

Expt. 3. 

37 

100 

100 

100 

100 

100 

100 

40 

84 

85 

84 

84 

85 

S3 

44 

.=) 3 o 

55 

55 

55 

55 

54 

45 

50 

50 

50 

50 

50 

50 

. 50 

17 

16 

17 

16 

16 

17 

60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


Effect of Heat Inactivation Is Irreversible 

Pure choline-esterase in 0.5% solution (A) and also crude venom of the same 
concentration (B) inactivated by heating at different temperature were kept at 8®C 
in the refrigerator for 48 hours in a sterile condition. After this period the choline- 
esterase activities of the different solutions w'ere determined and the results were 
tabulated below. It will be noticed that the activities of the solutions were not 
restored to their original value. 


TABLE III 


Strength of alkali =o.o 2 N Potassium hydroxide. 


Tempera- 

ture 

o°C. 


Per cent, of original activity remaining. 




A 



B 


Expt. I. 

Expt. 2. 

E.xpt. 3. 

lixpt. I. 

Expt. 2. 

Expt 3. 

40 

Si 

So 

So 

SO 

85 

S.S 

44 

5 « 

50 

50 

i 5 

55 

5 <' 

45 

45 

45 

45 

50 

50 

50 

50 

3 

3 

3-5 

17 

16 

20 

Oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0 00 


Effect of Protein on Half-Inactivation Temperature 

10 ml. of 2% crude cobra venom solution were heated for one hour at 60 C at 
pli 7.4. 10 mg. of pure cholinc-estcrasc were taken in each of the .'-ix-tc>t tube? to 
each of which 20 mg. of heated crude venom were added and the volume made 
upto 5 cc. in each case. The pJi of the solution was adjusted at y..\. Ihc.-e solu- 
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lions were healed at different temperatures for one hour. After this period the 
choline-esterase activity was determined as usual and are recorded in the table e ow. 
In this case the half-inactivation temperature of the enzyme was found to be 44. 


Tempera- 

ture 

oX. 


37 

40 

4*1 

44.6 

45 

50 

60 


TABLE IV 

Strength of alkali = o.o 2 N Potassium hydroxide. 
Per cent, of original activity remaining. 


Expt. I. 


Expt. 2. 


100 

100 

84 

84.0 

•53 

53-2 

30 

50 

48 

4S.4 

8.0 

8.2 

0.00 

0.00 


Expt. 3- 


100 

85 

53 

50 

48 

8.4 

0.00 


Effect of Ultraviolet Rays 

(fl) 0)1 pure choline-esterase : With the object of finding out the effect of 
ultraviolet rays on the activity of choline-esterase, 25 cc. of each of 0.2% (A) and 
0-5% (B) aqueous solutions of the pure enzyme isolated from cobra venom were 
transferred to two flat porcelain basins and adjusted at 7.4. The solutions were 
then exposed to the ultraviolet rays from a mercury vapour lamp placed at a 
distance of 20 cm. The temperature was initially at the room temperature (30 Q 
but towards the end of the experiment, a rise of about i°C. was noticeable. The 
activity in the two sets of experiments was determined at frequent intervals of time 
b}' taking out an aliquot portion. The results thus obtained are enumerated in 
table below and they revealed that the enzymic activity was almost completely 
destroyed within one hour in both the cases. 


TABLE V 

Strength of alkali =o.o2N Potassium hydroxide. 


Per cent, of original activity remaining. 


exposure 


A 



B 


minutes. 

Expt. I. 

Expt. 2. 

Expt. 3. 

E.xpt. I. 

Expt. 2. 

Expt. 3- 

0 

100 

100 

100 

100 

100 

100 

10 

84 

85 

85 

84 

85 

85 

20 

70 

70 

71 

69 

70 

71 

3f> 

54 

56 

55 

55 

55 

56 

45 

3<i 

37 

37 

36 

37 

37 

(k* 

20 

19 

19 

19 

19 

19 
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(b) Oil crude venom : Similar experiments with 25 cc. of each of the two sets 
of concentrations of crude cobra venom such as 0.5% (A) and 1.0% (B) were repeat- 
ed and the results obtained are recorded in the following table. The data showed 
that almost complete destruction of the enzymic activity was brought about within 
two hours. 

TABLE VI 


Strength of alkali =o.02N Potassium hydroxide. 



Per cent, of original activdty remaining. 



exposure 


A 



B 


minutes. 

Expt. I. 

Expt. 2. 

Expt. 3. 

Expt. 1. 

Expt. 2. 

E.xpt. 3. 

0 

100. 

100 

100 

100 

100 

100 

30 

Sg 

Sg 

Sg 

Sg 

Sg 

87 

20 

78 

78 

77 

77 

78 

78 

30 

• 6g 

68 

67 

68 

6S 

6S 

45 

55 

54 

52 

.55 

54 

54 

60 

41 

42 

43 

42 

12 

43 

go 

21 

22 

22 

22 

22 

21 

120 

4 

5 

5 

5 

5 

5 


Effect of Salt 

25 cc. of each of 0.2% solution of the choline-esterase (A) and also of 0.5% 
solution of crude cobra venom (B) were prepared in 5% solution of sodium sulphate 
and kept in two flat basins. They were then adjusted at pH 7.4 and then exposed 
to ultraviolet radiation. Choline-esterase activities of these solutions were deter- 
mined at definite intervals of lime and the results are tabulated below. 

The results showed that in the presence of sodium sulphate only about half of 
the enzymic activity was destroyed within two hours. 


TABLE VII 


Strength of alkali = o.o2N Potassium hydroxide. 




Per cent, of original activity 

remaining. 



Time of 
exposure 


A 



B 


in 

minutes. 

Expt. I 

Expt. 2 . 

Expt. 3 . 

E.xpt. 1 . 

Expt. 2 . 

Expt. 3 . 

0 

300 

100 

100 

100 

IDO 

i<><i 

lu 

9T 

02 

»>3 

93 

9! 

^'3 

20 

^4 


S.) 

87 

ss 


50 

77 

1^ 

78 

81 

83 


45 


bS 

<>7 

74 

;6 

-5 

bo 

5^^ 

Oo 

fK> 

70 

70 

/<> 

90 

55 

53 

55 

C >0 

D1 

y- 

120 

55 

55 

54 

55 

55 

^■5 
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Summary and Discussion 

An examination of the data recorded in the tables shows tliat the critical inacti- 
vation temperature of pure choline-esterase was 44 °C, while that of choline-esterase 
in crude cobra venom was slightly higher-45 °C. In presence of cobra venom pro- 
teins previously heated at 60 °C for one hour the half inactivation temperature of 
pure choline-esterase was found to be 44.6°C. This slight descrepancy may be due 
to the fact that the crude venom is a complex substance consisting of different 
proteins some of which may protect the choline-esterase contained in crude venom 
from heat, resulting in the slight rise of the half-inactivation temperature. Further, 
different concentrations of the enzyme in the pure state as well as in the presence 
of denatured proteins prepared from crude venom showed nearly the same degree 
of inactivation. 

Exposure to the ultraviolet rays of aqueous solutions of the pure enzyme (A) 
and of crude venom (B) produced almost the same extent of inactivation in both 
the cases. Another peculiar phenomenon observed with this enzyme was its stabi- 
lity to irradiation in presence of 5% sodium sulphate solution. It is evident that 
the salt got considerable protective action. 
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(Received for publication, Februarj^ 28, 10 pS) 

The subjecl of enzymc-subslrate reaction was approached from different angles 
by different workers. Barendrecht (l) advanced the ‘ 

reaction ; but most of the pioneer workers in ' ^ 

union of the ensyme and substrate. Some considered , to be » ™ J ; 

while others supported the theory of the substrate absorbed ; " 

enavme. Recent advance in our knowledge on tins subjeet 
muir (a) has explained thoroughly and convmcmEly the 7 " > 

enayme-substrate reaetion. Willstiitter (3) put forward ”„H,' the 

moieculc consisted of an active centre with a large co on . . 
substrate was absorbed. 
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Michaelis and Menten (4) while studying the initial velocities of hydrolysis of 
sucrose in different concentrations by invertase, deduced an equation which was 

supported by Brown (5) and others. Thus, K,n =x ^ ) where Km Michaelis 

constant or log. x=log. K^^-log. ^ -1 The negative logarithm of the subs- 
trate concentration is generally known as pS. The curve obtained by plotting the 
activity of the enzyme against the negative logarithm of the substrate concentration 
is called an activity — ^pS curve. 

The activity — pS curve was drawn up by Click (6) in the case of serum choline- 
esterase. This author confirmed the findings of Click (6) with choline-esterase in 
cobra venom that the increase of the substrate concentration of acetylcholinechloride 
for the serum choline-esterase had no inhibitory effect, on the other hand, a slight 
gradual increase was noticed upto a certain limit of the substrate concentration. 
But in the case of a simple esterase the inhibition was observed by Bamann and 
Schmeller (7) as well as by Murray (8) in the presence of higher concentration of 
substrate as above 0.0005M for sheep liver esterase and above o.oiM for rabbit- 
liver esterase. 

It is known that the velocity of enzyme reaction increases with the rise of 
temperature until an optimum is reached. Above that temperature the velocity 
gradually decreases. It is completely destroyed with the further rise of temperature. 
At the optimum temperature, velocity is sometimes maximum within narrow limit 
of time. As in the case of choline-esterase from serum, Click (6) found that the 
optimum was obtained at 40°C but it had fallen off with time. Bovet and Bovet 
(9) performed recently some experiments on the effect of substrate concentration on 
the esterase activity of cobra venom, but no work has yet been done after choline- 
esterase was isolated from it in pure state. Below are furnished some experimental 
evidences towards that direction. The purified enzyme-choline-esterase used in 
these experiments was obtained according to the procedure done by Chaudhuri (lo)- 


Experimental 

Effect of Different Substrate Concentrations 

For the determination of the activity of hydrolysis with different concentrations 
of the substrate reaction mixtures containing one unit of the pure enzym<i were 
prepared as follows : — 


<2.5 cc. of x% of acetylcholinechloride in normal saline + 2.0 cc. of 
phosphate buffer of 7.44-0.5 cc. containing one unit of pure choline- 
esterase in normal saline i.e. 0.0508 mg. 

The extent of lu’drolysis in these different solutions were measured 10 minutes 
after the start as usual. 
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TABLE I 


Strength of alkali — o.oz'N Potassium hydroxide. 


Final concen- 


Choline-esterase activity in 

terms of cc. 

of 0.02N KOH Sol. 

substrate. 

Expt. I 

Expt. 2. 

Expt. 3. 

Mean 

A. C. C. 






1.00% 

1.4 cc. 

r.4 CC. 

1.4 cc. 

1.40 

cc. 

0.80% 

1.4 cc. 

1.4 cc. 

1.4 cc. 

1.40 

cc. 

0.50% 

1,4 cc. 

1.4 cc. 

1.4 cc. 

1.40 

cc. 

0.40% 

1.38 cc. 

1.38 cc. 

1.38 cc. 

1.38 

cc. 

0.30% 

1.36 cc. 

1.35 cc. 

1.34 cc. 

1-35 

cc. 

• 0.20% 

1.25 CC. 

1.24 cc. 

1.24 cc. 

1-243 

cc. 

0.10% 

1.15 cc. 

1.15 cc. 

1.16 cc. 

I-I 55 

cc. 

0-05% 

r.05 cc. 

1.05 cc. 

i.to cc. 

1-055 

cc. 


With crude cobra venom the same experiment was repeated. The results thus 
obtained fully agree with those found in the case of pure choline-esterase. Relative 
initial activities (mean) thus obtained from table I were plotled against the respective 
negative logarithm of the substrate concentrations (Molar) which represented in Fig i 
is known as activity-pS curve of the enzjmie. 


Fig. I 



0 . 75 \ 



1 1 1 ^ 

5.0 2.5 2 ^ ’-5 

Ordinate — Relative initial velocity. 

Ab-sri-ssa — Log. .substrate concentration (molar). 


Effect of Different Units of Pure Choline-esterase 


With a view to find out the rate of hydrolysis with varying unit.s of choline- 
e.stcrase in presence of a constant concentration of acctylcliolincchloride as sub-trate- 
four flasks containing solutions were prepared in the following way ; 

{a) 2.5 cc. of T.o% acetylcholinechloridiM- 2 CC. of plifL'^phate buffer of 
/)H 7.4 + 0.5 cc. of choHne-fsterase solution containing 0.25 unit i.r. 
0.0127 


5 
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(6) 2.5 cc. of 1.0% acctylcholincchloridc + 2 cc. of pliosphalc bTiffer + o.5 cc. 
of pure cholinc-eslcra?c .solution containing 0.5 unit u’. 0.0254 lug. 

(c) 2.5 cc. of 1.0% acetylcholinechloridc + 2 cc. of phosphate buffcr + 0.5 cc. 
of pure choline-esterase solution containing i.o unit i.c. 0.0508 lug. 

{d) 2.5 cc. of 1.0% acetjMcholinechloride 2 cc. of pho.sphate buffer + 0.5 cc. 
of pure choline-esterase solution containing 2.0 units ie. o.ioib mg. 

Rate of hydrolysis in each case was measured after an interval of 10 minute, 
from the start. The results given in the table below in terms of cc. of alkali require 


TABLE II 



Strength of alkali 

= o. 02N Potassium hydroxide. 


No. of the 

Unit of pure 

Expt. I 

Expt. 2. 

Expt. 3 - 

series. 

choline-esterase. 



(n) 

0.25 

0.35 cc. 

0.35 cc. 

0.35 cc. 

ih) 

0-5 

0.70 cc. 

0.70 cc. 

0.70 cc. 

{c) 

1.0 

1.40 cc. 

1.40 cc. 

1.40 cc. 

(d) 

2.0 

2.80 cc. 

2.80 cc. 

2. So cc. 


Activities obtained in cc. of alkali in Table II are plotted against the correspond 
ing units of pure choline-esterase which are represented in Fig. 2. 

Fig. 2 
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Effect of Temperature on the Velocity of Reaction 

For determining the effect of temperature on the velocit}' of reaction catal3«ed 
choline-esterase (pure) three sets of experiments in different flasks were arranged 
each containing the solutions in the proportions mntioned below: 

2.5 cc. of 1.0% acet3dcholinechloride in normal saline-}-2.o cc. of phosphate 
buffer of pH 7.4 -{-0.5 cc. of choline-esterase (pure) in normal saline containing one 
unit ( = 0.0508 mg.) in each of the three flasks were kept at temperature of 37°C, 
3g°C and 40°C. The rate of hydrol3'sis was measured after definite interv'als of 
time the results of which (mean of the three experiments in each case) after substract- 
ing the respective control figures are enumerated below in terms of cc. of alkali 
required : 


TABLE 111 


Sfrotgfh of alkali = o.o2N Potassium hydroxide. 


Time in minutes. 


37 °C 

39 ‘’C 

.}0°C 

5 


6 

u 

0 

6 

0.75 cc. 

0 75 cc. 

30 


I.^O cc. 

1.50 cc. 

1.50 cc. 

15 


2.10 CC. 

2.25 cc. 

2.20 cc. 

20 


2. So cc. 

2.90 cc. 

2. So cc. 

JO 


.j.OO cc. 

3.90 cc. 

3-75 cc. 

TS 


5.60 cc. 

5.00 cc. 

•t -75 cc. 

Go 

- 

6.90 cc. 

5. So cc. 

5.50 cc. 


Summary and Discussion 

The above results revealed the fact that the rate of h3'dro]vsis of acet3'lcholinc 
b3’ the enz3me choline-esterase was linear for some time. But with the increase 
of initial substrate concentration the velocitx' increased slight]3f upto 0.5% which was 
different from that obtained b3' Click (6) in the case of serum cholinc-csterase. For 
liver-esterase the contrar3^ was the case as shown by man}^ workers (7,8). Simple 
esterase was inhibited as the concentration of meth3'l but3'raTe was increased as shown 
by previous workers (7,8). From this aspect esterase was quite different from the 
choline-esterase. 

Click (6) found for scrum choline-esterase a narrow optimum at 40'C for the 
rate of hydrotysis but in the case of cholinc-csterase purified from cobra venom the 
optimum was found to be at sg^C. Upto the loth minute the velocities at 3 *^'^^ 

40''C were the same but with the further increase of lime the rate of reaction at 
40^C decreased in comparison with that at 39*^^. But the rate at 39 '^^- 
fallen off after the interval of 15th minute. These deviation.c may be judged froin 
the standpoint of the degree of puriC- of the enzyme sample and the different -ourcc- 
from which it was obtained. 
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Sorensen (i) in a series of papers demonstrated the influence of pH on the rate 
of enzymic activity. The pH at which it shows the optimum activity is dependent 
upon numerous factors. Nelson and Bloomfield (2) showed that an increase of 
temperature shifted the optimum pH of the enzyme to the more acidic region. 
Nature of buffer solutions used in the measurement has also a great influence. Platt 
and Dawson (3) found that the optimum pH for the hydrolysis of ethyl butyrate 
by pancreatic lipase was 6.9 in phosphate buffer, 8.5 in borate buffer. The substrate 
concentration may alter the optimum pH as shown in the case of honcy-saccharese 
by Nelson and Cohn (4) and of yeast saccharase by Josephson (5). Urease from 
soyabean showed a change of optimum pH ranging from 7.2 to 7.9 with the change 
of substrate concentration of urea as determined bj’ Lovgren (6). Willstatter and 
Waldschmidt-Leitz (7) observed that the addition of acid to the castor bean lipase 
changed the optimum pH considerably. They concluded from this that it might 
be due to the hydrolysis of the co-enzyme associated with the enzyme. 

The inactivation of an enzyme caused by pH may be reversible in some cases. 
Ohlsson and Swaetichin (8) found that the activity of “taka-diastase” was rapidly 
destroyed at a very low or high pH ; but when the enzjTne solution was once again 
brought back to tire pH nearer the optimum, most of the aclivit}' was restored. I'hey 
put forward the view that the enzyme which might be roncieved of as a collodial 
protein complex dissociated at very high or low pH with the loss of activity ; it' 
original activity might be restored with the combination of the dissociated prodiut' 
when the excess of acid or alkali was neutralised. Different sources of tlie '• ime 
enzyme have sometimes different optima. Phosphatase from bone and kidncN' lias 
its optimum activity within the range of pH 8.4 to 9.2. while the same enzyme from 
plant sources has the optimum pH within 3.4 to 6.0 as shown by different authors. 

Planner ct al (9) attempted to find out the optimum pH of chnline-e-ier.i-e 
present in human sennn by using pharmacological methods for the deierminatum 
of its activity but were unable to establish a definite pH optimum. BiTuh' im .ttu] 



8b 


D. K. CllAl'DlUnU 


Bornhcim (.o) using .he sn.nc .echnique for its 

a. pa 8.4 for .he chohne-eslcrasc piuscnl in the ' ‘ 

lower animals. Click (ii) eslablishctl the optimum /.H at 8.4 

present in human serum by an improved IcchnuiUL. j t?p 1 o\v arc 

found out the optimum pU of choline-cstcrasc present m ^ of 

given the results of the experiments done m connection uith 

optimum pn for choline-esterase in cobra venom. Ihc pure . J (^l^j^odhuri 

used in the following experiments was obtained by the method do • } 

(12). 


Experimental 

Determination of Optimum Using Acetyl Choline-Chloriue as Substi 

With a view to determine the optimum pH of cholinc-eslcrasc 
cobra venom, phosphate and borate buffers varying from pH 5.8 to' 9.0 were use 
activities determined using 0.5% phenolphthalein in alcohol from pi 5 - ° * 

7.4 and o.5°/o thymolphthalein in alcohol from S.o to pH 9.0. ^ Readmgs 
taken at the interval of to minutes, the incubation temperature being 37 • ' 

sets of experiments were carried out using different concentrations of acety c 10 m 

chloride. 

A. 2.5 cc. of 1% acetjdcholinechloride in physiological saline plus 2 cc. 
buffer plus 0.5 cc. of normal saline containing i unit of pure choin 
esterase, e.g., 0.0508 mg. 

B. 2.5 cc. of 0.5% acetjdcholinechloride in physiological saline plus 2 cc. 
buffer plus 0.5 cc. of normal saline containing i unit of pure choline 
esterase, e.g., 0.0508 mg. 

The results obtained for the two sets are tabulated below in terms of cc. of alkali 
after deducting the respective control figures which were found out as usual. 


pll 


TARLli 1 

Strength of alkali — 0.02N Potassium hydroxide. 
Activity of choline -esterase in terms of cc. of 0.02N KOH. 


A 


R 



Expt. I. 

E.xpt. 2. 

Expt. 3. 

Expt. I . 

Expt. 2. 

Expt. 3- 

5 -S 

1.30 cc. 

1. 31 cc. 

1.30 cc. 

1.22 CC. 

1.24 cc. 

1.22 cc. 

6.5 

1.34 cc. 

1.32 cc. 

1.34 cc. 

1.26 CC. 

1.25 cc. 

1.26 cc. 

7-4 

1.40 cc. 

1.40 cc. 

1.40 cc. 

1.30 CC. 

1.30 cc. 

1.30 cc. 

8.0 

1.48 cc. 

1. 48 cc. 

1.46 cc. 

1.40 CC. 

1.40 cc. 

1. 40 cc. 

8.4 

1.54 cc. 

1-55 cc. 

1.54 cc. 

1.46 CC. 

1.46 cc. 

1.45 

S .5 

r.50 cc. 

1.50 cc. 

1.50 cc. 

1.42 CC. 

1.44 cc. 

1.42 cc. 

9.0 

1.35 cc. 

1.36 cc. 

1.36 cc. 

1.30 CC. 

1.30 cc. 

1.30 cc. 
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The curve obtained b}'- plotting the relative initial velocities (Mean) under 
column (A) of Table I against the corresponding /)H is shown in Fig. (i) which is 
known as Activity-^H curve. 

Fig. I 



That the optimum pH was not different when crude cobra venom ivas used as 
a source of choline-esterase was shown in the results tabulated below using 0.5% 
final concentration of acetylcholinechloride (A.C.C.) as substrate and i.o mg. of 
crude venom under the conditions previously mentioned. Activities were determined 
as usual which were gi\'en in table below in terms of cc. of tlic alkali consumed 
after deducting the respective control figures. 

TABLE II 


Strength of alkali— 0.02N Potassium hydroxide. 


T 

Activity 

of cliolinc-csterase in lorms of cc. 

of o.oiN Kon. 


Expt. I. 

Expt. 


Expt. 3 

. 5 -S 

1.30 CC. 

1.30 

ct . 

1.30 cc 

6.-5 

1.35 cc. 


cc. 

1 - 3 ) Cl 

7-1 

I..JO cc. 

!,,o 

cc. 

r . cc 

i>.o 

I..)!) cc. 

I ..(0 

cc. 

1 ..(,S cc 

s..| 

1-5.5 cc. 

I -.55 

cc. 

cc 

8..5 

1.5^: CC. 

1.50 

cc. 

I 50 (T. 

9.0 

1.35 cc. 

1 .30 

cc. 

] 36 cc. 


Continuous Titration Metiiod 

Without using buffers and bv taking recourse to the continuous liinition pro- 
cedure developed by Stedman ci at (13) in the case of estimating the cholim- 
estemse activity, the optimum pH of pure choline-esterase puriheci from enuie 
cobra venom was found out which fairly agreed with tiial obtained by u-ing 
buffer solutions. 
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U\ 
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1 

Spt 


lAfU 

3 

’ .19 

C( 

» 

•.19 
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I.." 

fC. 

1 .1! 

cr 

t 

•.1-’ 

ri 

1 .!{ 

fC. 

I..i 0 

C( . 

: 

• ’.9 

u 

I. ;o 

CL 

1.50 

cc 

i 

P 

tc 

! i8 

CC 

’ .Vi 

cr 

1 

•51 

cc . 

i-i1 

tc 

I 59 

rc 

I 

39 

i 

1.50 

cr 

> .11 

(‘C 

j 

.li 

( f 

1 •.l.'i 

If 
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To determine the stability of choline-t>toraM' piiritied from cobra venom, o.2% 
solution of cholinc-cstcrasc in normal .<aline wa.s adju>tod at different />H ranging 
from I to 13 in different test tubes by adding NaOH solution or HCL ^olution as the 
case may be. The solutions were kept at S'C in the refrigerator in sterile condition. 
Activities of the solutions from different test tubes weie determined as usual after 
definite period by first bringing an aliquot portion to /dl 7.4 and then mixing it 
with the substrate. The results arc recorded in the following table. These data 
were the mean of the three experiments done under the identical conditions. 


T.MiLF, IV 


Siretigth of alkali ==o.o2N PoiassiKw hydroxide. 


phi 


1.0 
3 o 
. 5-0 

6 - 5 

7 - \ 
8.5 

10.0 

13.0 


Choline-o.storase acthity as per cent o f the original. ' 

1 '< 2^ liours. j 2.) liours. 7 ^ hours. 


92 

gO 

99 
I on 
100 
98 
90 
81 


S3 

90 

96 

99 -.5 
100 
92 
72 
•17 


6f) 

Si 

93 

99 

99..5 

85 

57 

20 


Crude Cobra Venom 

? 

rprnrripri in m + Ki given in the rable below. These result: 

recorded m the table were the mean of iVm m,.,, 

conditions experiments done under the sam( 
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TABLE V 


Strength of alkali — 0.02N Potassium hydroxide. 



Choline-esterase activity 

as per cent, of the original. 


1 X 24 hours. 

3 X 24 hours. 

7 X 24 hours 

I.O 

96 

89 

82 

3.0 

gS 

95 

90 

5-0 

99 

gS 

96 

6.5 

100 

100 

99-5 

7-4 

TOO 

100 

100 

8.5 

gS 

95 ■ 

90 

10.0 

95 

84 

75 

13.0 

87 

65 

43 


/)H-inhibited Enzyme 

The enzyme solutions at different pH after seven days incubation at 8°C were 
readjusted to 7.4 and kept at 8°C in the refrigerator for 24 hours. The activities 
were then determined as usual and. the results thus obtained are recorded in the table 
below : 


TABLE VI 


Strength of alkali =o.02N Potassium hy dioxide. 


/>H 


Choline-esterase 

activity as 

per cent, of 

the original. 



Crude venom. 


Choline.estcrase 

(pure) 

Expt. 

I. Expt. 2. 

E.xpt. 3. 

E.xpt. X. 

E.xpt 2. 

Expt. 3. 

r.o 

too 

TOO 

99 

g6.o 

95 0 

950 

3-0 

100 

100 

100 

990 

98.5 

98. 0 

5-0 

TOO 

100 

100 

9 Q .0 

99.0 

99.0 

h -5 

100 

100 

100 

99-5 

99.3 

99-5 

7-1 

100 

TOO 

TOO 

99-5 

99-5 

99-5 

8-5 

100 

TOO 

100 

99-0 

98. 4 

98.0 

10.0 

TOO 

100 

TOO 

93 0 

92.0 

01 0 

13.0 

85 

81 

S3 

63.0 

f)I.O 

60.0 


Summary .and Discussion 

Optimum pH choline-esterase was determined using acetylcholincchloridc as 
substrate at different concentrations in the presence as well as in the ab.-ence of 
buffers solutions. In all these cases the optimum pH was found to Ix' 8..]. Ihi.s 
result showed that buffer and substrate concentrations had no effect on the pH 
optimum of choline-esterase isolated from crude cobra venom. 

Stability of choline-esterase in crude cobra venom and nho of that purified «ron! 
it was detennined and it was found that the enzyme was cnmp.iratively stabler in 
acidic than in the alkaline solutions. Also it was noticed tirat the inactivatinc eftet 
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ol hydrogen ion was less on the iininne enzyme conlained in the cnide %-enom 1 lan 
on the pure enzyme isolated from it. Crude venom which was a complex snbstanco 
contains, besides choline-esterase, other factors which might have some protecting 
effect on its stability. When the enzyme solutions were brought back to p o 
maximum stability viz., 7.4 and kept for 24 hours, then most of the ^^hvity was 
regained. It can be explained on the assumption as done by previous wor ars f 
that the enzyme protein dissociated into the simpler products at vciy high 
pVL, resulting in the destruction of the activity temponirily ; but when thc-it. ^ is-O 
ciated products were brought back to />11 7.4, they combined to nninife>t almost u 
activity of the cnzjnne. Inactivation at pH 13 was not fully reversible. It 
due to the fact that apart from dissociation of the cnz}-mc it had undergone ot er 
forms of changes such as hydrolysis or denatnration which might not be revtrsib c. 
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Biological evaluation of whole or purified liver extracts is difficult in this coun- 
try where cases of pernicious anaemia are rare. Some attempts have been made 
recently to study the therapeutic efficacj’ of liver preparations on cases of tropical 
macroc3dic anaemia (i). But the scarcity of such cases preclude a large scale cli- 
nical evaluation, particularly with products of unknown and intcrmediaiyf nature. 
Attempts already made b}' workers in the field, are still being persued, to find out 
suitable method of bio-assaj' of liver extracts in the laboraton,^ This is found to 
be essentialty necessary, for guiding research in biochemical fractionations of anti- 
pernicious-anaemia-factors of liver. 

Several methods of assaj^ were tried in our Laboraton- in order to gain some 
idea regarding the efficacy of various liver preparations, stress being given to check 
the various processes of extraction of the anti-anaemic principles. Trials were 
given in rabbits, using Kruger’s antigen, as well as in pigeons, rendered anaemic 
ty' administration of B. xt’clchii toxin (2). But both these metliods failed. Count- 
ing of reticulocytes is difficult in pigeons, owing to over lapping of various stage- 
of rcticulocrUes. Hltimatchg the method of Jacobson (3) using norma! guinea-pig- 
was tried. The present paper summarises an c.xtcnsive series of invo-lig.jtion- 
carried according to this method of assay regarding the effect of v.miou- liver 
extracts, on the rcticnloc\’togenosis in guineapig. During this a--.!}', a suitahle 
method was reejuired for the counting of reticuloc\’tcs with oa'^c and aceumry. 
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Accordingly, a modiiicd method was devised (4) 
gave very satisfactory results in nnr hands. 


based on that of Osgood, which 


Experimental 

A total of more than a hundred guincapigs was employed in thcbe senes of 
investigations, the weight varying from 250-400 g. The animals ^ ^ 

groups of twelve animals in each and put on uniform diet consisting o ar^e , . 

wheat bran, grams, carrots and cabbage. Daily counts were done for 5- - ’ 

after which period, animals showing minimum fluctuation in the reliculocy c - 
were sorted out. These were then grouped in sets of three, and injected wi 
samples of liver extracts for test, always keeping a set of animals, mjecte 
a standard preparation of liver, as positive control. A set ot animals mjec e 
equivalent quantit}^ of normal saline, serving as negative control was also 'ep 
observation. After injection of liver extracts, reticulocyte counts were done ai. 
for a period of one week. 

Standard for Comparison: for these investigations “Neo-Hepatex , a 
clinically standardised liver extract was taken as the standard. This product v ^ 
particularly chosen as it was found to give in our experiments, always a consisten ) 
positive response. 

Data regarding animals : Prior to the starting of tests on liver extracts an idea 
regarding the average reticulocyte count of normal healthy guineapigs along w 
their day-to-day variation was taken on a group of thirt)^ guineapigs, selected } 
random sampling. The following data were obtained ; — 

Average reticulocyte count of the group =0.64% 

Probable Error (P.E.) according to Peter’s formula =0.25 
P.E. X 3.2 


: 0.2 


Ihe reticulocyte percentages in individual animals of this .group varied from 
0-25% to 2.3%. In other groups selected for assay, it was later found that in sic' 
animals the percentages are sometimes very high rising even up to 6-7%- 
day-to-day variations in majority of animals fluctuated between 0.4 to i.3%- 
selecting animals for assay of liver extracts only those were chosen which showed 
the minimum fluctuation in the daily counts, the mean having a figure near about 
the average found for the normal population. From the statistical analysis of the 
figures of normal guineapigs, it was expected that under no circumstances, a care- 
fully selected animal would show a normal variation of reticulocytosis higher than 
1.44, and hence a response of 1.5% or higher of reticulocytes, after injection of test 
liver extract was taken as meaning a definite positive response. Though the increase 
in the percentage of reticulocyte after injection did not hold a linear relationship 
with dosage, rather it tended to be of an ‘‘all or none” type, yet it was possible 
to observe, that a higher dosage always gave a somewhat higher reticulocyte response 
than that given b}^ the lower minimum effective dose. The purpose of dosage was, 
however, to find out the minimum quantity of the liver preparation which gave 
a positive reticulocyte response in guineapigs and comparisons were made on the 
basis of that quantity. 
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Samples taken for test: The following sample of liver preparations and other 
products were taken for assa}^ These were all prepared in the Laboratorjc 

1. Fractionated bovine liver extract (F.L.) representing 20 g. of raw liver 
per cc. (vacuum concentrated). 

2. Fractionated liver extract (F.L.C.) representing 40 g. of raw liver per cc. 
(vacuum concentrated). 

3. Fractionated bovine liver preparation (F.L.O) representing 20 g. of raw 
liver per cc. (concentrated without vacuum). 

4. Proteolysed liver (P.L) representing 3 g. of raw liver per cc. (vacuum 
concentrated). 

5. Calf liver extract, (concentrated without vacuum) representing 20 g. per cc. 
of raw liver. 

6. Casein hj^drolj'sate containing equivalent quantity of nitrogen per cc. as 
that of liver h3'^drotysate (P.L). 

7. Physiological normal saline for negative control. 

Test solutions were diluted in saline, whenever neces=ar3\ and injected intra- 
peritoneally to find out the minimum effective dose. The volume of each injection 
was .kept constant at i cc. As the nitrogen content of the liver preparations were 
somewhat different, the dosage was not adjusted in terms of either the nitrogen 
content or in terms of the raw liver that corresponded to each cc. of the extract. 
The dosage was graded in serial dilutions of the extracts with reference of a fixed 
proportion of the dilution in terms of body weight. This proportion was 0.8 cc. 
per kg. and was injected intraperitoneallj'. Each test was repeated in at least two 
or three animals, and concordant results in two out of the three are recorded as 
definite responses. With each set of experiments, the standard, “Neo-hepatex” in 
its highest effective dilution was alwaj's used for comparison. Tables I to Y 
summarise the results of all these experiments. 


TABLE I 


Giving the reticulocyte of response the injections of ‘'Yco-Hcpatex" {standard) 
or its dilution in doses of o.S cc. per kg. body weight. 

Percentage of rcticulocvte after tnjccUon. 


Uilution 


of test 


Original 


I /5« 

1 / 

100 


I 450 



1 5t'K) 



' 7; 

5” 

substance. 


















.Animal . 


I 

2 

3 

1 

2 

I 

•> 

I 

2 

3 

I 

2 

3 

1 

2 

3 

Initial 

Mean. 


0-5 

0.56 

0-15 

o.O 

0.7 

0 4 

0.6 

0 3 

0 

0 r 

0 28 

'> 35 

0 0 

6 

3 

0 2 


1 

1.2 

0.8 

1.0 

1.3 

1-3 

1 2 

1 3 

0 8 

0 0 

1 2 

0 (> 

0 7 

n 0 

0 s 

O 7 

0 5 


'y 


I.O 

l.S 

2 •-5 

3-<’ 

2 5 

t 8 

I I 

1 5 

t i- 

0 t» 

1 <> 

I 2 


3 

3 

Days 

3 

2 .S 

2.5 

30 

3-2 

2.<t 

2 1 

2 3 

1 0 

2 1 

2 3 

2 0 

1 2 

1 5 

<’ 7 

1 0 

0 - 

alter 

•t 

-2-5 

2.^ 

3-1 

2-7 


2 0 

2 0 

1 7 

2 0 

1 0 

I .s 

I 3 

— 

! 0 

a 

0 ti 

injection. 

5 

2.0 

-•3 

>••1 

1 .0 

2.0 

2 0 

1 Q 

>-5 

* 0 

I .•) 

» 7 

I 1 

! 0 

~ 

. — 



6 

t-7 

2.0 

I I 

1 .0 

1-7 

1-5 

1.4 

1 2 

I 3 

t 3 

<■> .“i 

0 

0 0 

» 7 

0 

0 { 


7 

l.S 

I.O 

I.O 

t-5 

t-7 

^ 3 

1.2 

i-t 

t.2 

0 s 

<’ 5 

<» j 

' — 

— 

0 3 



-- 



. .. ... 

. 




— 

* -■ 

— — 






- _ 
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TABLE 11 

Reticulocyle response after fractionated bovine liver extract {F.L.) in same dosage, 


as in Table J . 

Percentage of reticulocytes after injection. 


Dilution of 
test substance. 

] 

:/ 5 o 


I / 100 


1 / 250 



1 / 5m) 


Animal No. 

1 

2 

3 

I 

<2 

3 

I 

2 

3 

I 

2 

3 

Initial Mean . 

o 6 

0..) 

0.3 

0-3 

0.4 

0-5 

0.6 

0.6 

0 s 

0.33 

0.7 

0.6 

1 

0.8 

0.9 

1 .2 

0-5 

I.O 

1. 2 

o.S 

1-3 

1.1 

— 

— 

0.7 

2 

2.1 

1-3 

I.I 

0.5 

1-3 

1-5 

1.1 

t -5 

1.2 

0.76 

0.6 

0.7 

, Days after 3 

1.8 

1.4 

2.3 

1.2 

1.4 

2.5 

1 .16 

1-5 

1-3 

0.6 

0.5 

0.65 

injection. .) 

^■3 

1.4 

1-7 

2.1 

1-5 

3-0 

1.6 

I.O 

0.9 

0.5 

0.5 

0.5 

.5 

— 

i.i 

— 

1-5 

1.2 

2.1 

— 

I.I 

o.S 

— 

*■“ 


6 

1.8 

0.9 

1.2 

— 

— 

— 

1-3 

0.9 

— 

0.6 

0.5 

0.5 

7 

1.2 

— 

— 

1.2 

1.2 

1-5 

1.1 

— 

0.8 

0.5S 

■ “ 






TABLE III 







Reticulocyte 

response after injection of fractionated liver 

extract {F.L.C.) 




in 

same dosage as in Table I. 









Percentage of reticulocytes. 






Dilution of test 













substance. 


1 1 100 


1/125 



1/500 



1/750 


Animal No. 


I 

2 

I 

2 

3 

I 

2 

3 

I 

2 

3 

Initial mean. 


0-3 

0.6 

0.4 

0.6 

0.3 

0.6 

0.7 

0.5 

0.3 

0.7 

0.4 


X 

0.9 

1.2 

0.9 

— 

I.O 

0.9 

I.O 

I.O 

0.5 

0.6 

0.6 


2 

2-3 

1.8 

1.2 

1-5 

1.6 

1.2 

1-3 

I -.5 

0.4 

0.7 

0.5 

Count after in- 

3 

1.8 

1-5 

1.4 

2.1 

2-5 

1-5 

1.4 

2.1 

0.5 

0.9 

0.5 

jection on days. 

4 

2.0 

— 

I.O 

2.0 

1.6 

1.4 

1.2 

1-5 

— 

0.6 

• 


5 

i-.i 

1-3 

I 2 

— 

— 

I.O 

— 

— 

0.4 

— 

0.4 


6 

— 

— 

— 

1.6 

1-3 

1.2 

1.2 

1.1 

— 

0.7 

0.4 


7 

T.O 

0.8 

0.9 

1.2 

— 

— 

— 

— 

0.4 

■ 



TABLE IV 


Reticulocyte response after injection of Proteolysed Liver Extract {F.L) 
in same dosage as in Table I. 

Percentage of reticulocytes. 


Dilution of test substance. 
Animal No. 

Initial Mean 


1 

2 

Count after in- 3 

jection on days. .] 

5 

6 



1/50 


I / 100 


1/250 


I 

2 

3 

I 

2 

I 

2 

3 

0.25 

0.9 

0.4 

0.4 

0.5 

0.32 

0 . 45 - 

0.51 

6.0 

1.2 

1-3 

1-3 

1.2 

^ 0.6 

0.9 

0.73 

7.0 

2.8 

1.2 

i.g 

1.8 

I.I 

0.82 

1.2 

6.0 

— 

— 

— 

— 

— 

— 

— 

5-0 

2.5 

2.4 

2.0 

X .9 

I.O 

1-3 

1.2 

5-5 

2.2 

1.8 

1.9 

r-7 

0.8 

0.8 

0.9 

2.8 

2.0 

t.8 

— 

1-7 

— 

0.8 

— 

2.0 

2.0 

1-5 

1-3 

T .2 

0.7 

— 

0.7 


7 
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TABLE V 

Average Reticulocyte response after injection {0.8 cc. per kg.) of Calf Liver Extract, 
Bovine Liver Extract {F.L.O), Casein hydrolysate, and physiological saline, in 

groups of 5 animals. 





Percentage 

of reticulocytes. 




Dilution of test 
substance. 


Calf Liver 
Extract. 

F.L.O. 


Casein 

hydrolysate. 

Physio- 

logical 

saline 

0 



0 

1/25 

1/2 

1/50 

0 

Initial reticulo- 
cyte count. 


0.6 

0-54 

0.48 

0.5 

0.61 

0.56 


I 

0.9 

0.8 

1-3 

0.7 

0.62 

0.71 


2 

1-3 

0-93 

1.8 

0.9 

0.59 

0.80 


3 

1.8 

I.O 

2.5 

1. 1 

0-34 

0.48 

Days after 

4 

2-3 

0.8 

2.1 

1. 1 

— 

— 

injection. 

5 

2.0 

0.9 

i.S 

0.8 

0-54 

0.52 


6 

1-5 

0.64 

1.4 

0.9 

— 

— 


7 

1.2 

0.6 

1.4 

— 

0.38 

0.6 


Discussion 

The purpose of this study was mainly an attempt at confirmation of the guinea- 
pig method of assay of liver preparation as evolved by Jacobson (loc. cit). The 
procedure was followed on the same lines as his with certain modifications to suit 
the environmental conditions. In a general way, it can be taken from the tables 
that evaluation of the active principles of liver, can certainly be done by this method. 
More particularly, the method ser\'es to differentiate different strengths of the 
preparation, as well as the different modes of preparation. Thus it can be seen that 
while vacuum concentration of the fractionated liver extracts (F.L. and F.L.C) 
exert definite reticulocytogenic response, the same preparation, prepared by open 
concentration (F.L.O) brings down the activity to a low figure. The same low 
activity is found with the product, calf liver extract, which exerts reticulocyte 
response only when injected at the original strength. It can also be noted that 
neither casein hydrolysate which contain the same amount of nitrogen as the pro- 
tcolysed liver preparation nor the physiological saline does produce any effect on 
the normal variation of reticulocytes in guineapigs. 

A critical analysis of the results, however, shows wider variation in the rc^pon^c^ 
of reticuloc3des to injection of liver e.xtract than that reported bj' Jacobson. It can 
be seen that the animals required per kilogramme bod}"^ weight quantity of extraci 
equivalent to at least 20 rag. of raw liver, whereas Jacobson has noted po>iti\e 
response even in dose of 0.06 mg/ kg. Taken in equivalent amount.^ in terms ol 
raw liver, proteolysed liver appears likeh' to exert a better rcticuloc_v(ogenic action 
than the fractionated liver extract (F.L) or even the standard, Neo-Hcpatox . 
Another significant difference in the response noted in our animals, i.s that repeated 
injections of liver extracts diminish rather than increase the sensitiviU’ of the annual--. 
Therefore, it is preferable to test samples on a large numbet of anin.ah. The fsn.i 
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inference that can be drawn from these studies, however, is that although this 
method of assay gives a fairly correct idea regarding the cfiicac\‘ of various principles 
of liver or their therapeutic possibilit}^ during fractionation, it can only iscrvc 
a qualitative method or at best a relative quantitative one. 1 his is apparent from 
the results of fractionated liver extracts such as F.L and F. 1 ..C. I he ultimate \aluc 
of liver should certainly be tested on clinical cases, either of pernicious anaemia or 
the tropical macrocytic-anaemias. 


Summary 

1. An attempt has been made for the biological evaluation of various In or 
extracts based on the reticulocyte response of normal guineapigs, according to the 
technique of Jacobson. 

2. The method serves as an useful qualitative method, or at best a relative 
quantitative one. 

3. Proteolysed liver extract appears to give a better reticulocyte response 
in guineapigs than that exerted by fractionated and purified liver extracts. 
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Rich and HandUon (z) discussed iho 

result of long continued deprivation , choline .aq.ainst liver cirrho>:i- 

McCollum (2) demonstrated the protective e , ,j ,„i in animat- 

in rats. The cftects ot choline deficient diets and their ,m r . nti, n , 
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have been thoroughlj^ studied in 1942. The various biological functions of choline 
i.e., lipotropic effect, growth promotion etc., involve several mechanisms. 
Lowry et al (3), produced liver cirrhosis in rats b}' a diet vath low choline and 
casein in diet. Fatty cirrhotic livers in dogs fed a low protein diet supplemented 
with Vitamin B Complex could be improved by supplying large quantitie.-^ of 
choline. The combination of large amounts of choline and liver extract rapidly 
overcame these signs except the fibrosis of liver. 


These investigations lead us to the question of the place of choline in human 
nutrition, how far its deficiency could be judged in .man, and whether choline 
deficiency is likely to be the cause of liver cirrhosis in man. Some data were provided 
regarding the inter-relationship of serum lipides and choline chloride administered. 
No definite information is available regarding the relationship of choline deficiency 
and the severity of the disease. The levels of lipides and much less of lipide phos- 
phorus were studied by very few workers in biliary cirrhosis, infectious hepatitis 
and extensive degeneration of liver. 


Our present knowledge on the subject is sufficiently advanced so far as animals 
are concerned and we have every' reason to believe that the levels of lipide fractions 
and plasma proteins are closely related to tliis disease. For a number of years 
choline has been known to be a constituent of the phospholipids, lecithin and sphingo- 
myelin but its importance in lipide metabolism as an essential dietary factor ha.ve 
been recognised only recently. The present investigation was undertaken wth 
a view to finding (i) the levels of various constituents in the blood of patients 
suffering from liver cirrhosis and (2I whether lipide phosphorus in blood can be 
used as an mdex of the choline content in blood which may later be developed into 
a liver efficiency test. 


Experimental 


. , emical investigations were done on well established cases of portal 

rnosis o ^'^or. No selection was made of early cases. Cases of doubtful nature 
n diagnosis was made on clinical grounds and all cases had 

Wfi marL-riH ^ 


In the history one interesting feature was noted. Four of the cases complained 
of severe night blindness. The percentage of this complaint appears to be remark- 
a y ugh when compared with other patients suffering from chronic diseases in the 
same hospital. Five of the patients gave a history of deep jaundice (without pain) 
2 to 10 3'ears previous to admission. The duration of jaundice was measured in 
weeks or months and never in days. The possibility of infective hepatitis having 
occurred in them cannot, therefore, be excluded. 
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Apart from the biochemical investigation tabled, other routine investigations 
were carried out. As they revealed nothing significant, they are not mentioned. 
All cases had low blood pressure. 

Blood drawn from the vein of the patient selected, was oxalated and the 
analyses of various constituents were carried out on the same day. Total proteins, 
albumin, globulin and fibrinogen were carried out by the method of Nesslerisation 
and occasionally checked by the Kjeldahl method. Cholesterol was estimated by 
the modified method of iNIyers using the colorimetric estimation of Liebermann- 
Burcliard (4). The lipide phosphorus was done by the classical method of ICing (5). 
The results are given below. 


The following are the biochemical deviations observed in the present 
investigation. 

1. Total proteins are slightly diminished. 

2. Reversal of albumin-globulin ratio. 


3. No significant change in cholesterol (total) and fatty acid. 

4. Lipide phosphorus is diminished. 


5 - 


Lipide P Lipide P 

Cholesterol Fatty acid 


are diminished. 


Discussion 

The results confirm the observations made bj' several workers regarding the 
reversed albumin-globulin ratio. The levels of cholesterol do not show any regu- 
larit}'. Possibty the determination of free and esterified cholesterol is of greater 
significance since the transport of fat is indicated b)^ the esterified cholesterol. What 
is most striking however, is that the level of lipide phosphonis is definitely low ; 
in most cases less than 50% of the normal level of lo-ii mg/ 100 cc. 

This low level pf lipide phosphorus can be ascribed to a low level of choline in 
blood in view of the verj^ recent and extensive investigations of Taurog, Chaikoff 
and Entenmann (6). For a number of years it has been known that choline is a 
constituent of tlie phospholipides lecithin and spingomyelin. Since phospholipide.' 
are particularly important in the transport of fattjf acids from the li\‘cr to the tissue,'-, 
it is likel)' that the lipotropic effect of choline is due to its capacity to form phospho- 
lipides. Tliis is supported b}’’ the experiments of Pcrlam and Chaikoff using radio 
active phosphorus. Choline phospholipides arc, therefore. intimatcl\- connected with 
the transport of fatty acids. 

If choline deficicnc}- is one of the factors in ihc production of cirrhods of liver, 
the determination of the level of choline in blood would lx- extremely u-efni. A- 
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yet, no direct and reliable method has been found. However, the experiments of 
Taurog et al (7) suggest a very useful indirect method of determining choline in blood 
from lipide phosphorus values. The phospholipides of plasma are broadly classified 
into (a) lecithins, [b) sphingomyelins and (c) caphalins. Of these, the first two arc 
choline containing and the last is non-choline-containing. The content of each of 
them has been investigated since 1930. The results reported in literature varied 
from 58% to 78% for the choline containing phospholipides. Doubts were however 
cast, about the correctness of the various methods employed b}' the workers. 

Taurog et al (8) after very extensive investigations arrived at two independent 
methods for their estimation and their accurac}' was confirmed bj'^ recovering known 
amounts of the substances which were previously added. Lipide phosphorus was 
determined by the classical method of King (same as employed in this series of 
experiments). The molal ratio, choline /iipide P was calculated for each sample of 
phospholipides in sixteen specimens. This ratio represents the fraction of phospho- 
lipides containing choline. This was found to range between .95 to .98 indicating 
that almost all the phospholipide of plasma are choline-conlaming. The non-choline- 
containing phosphlipides amount to less than 5%. Considering the verj^ extensive 
nature of the experiments of Taurog ct al and the various checks they employed, it 
seems reasonable to assume that their results are much more reliable than those 
of the predecessors. 


Since the molal ratio choline /lipide P is unity, the percentage of choline can be 
obtained by multiplying the level of lipide P by i39’.5/3i (i.e.) Mol. weight of 
choline/. At weight of phosphorus. In the present series of experiments in- 
volving the plasma of patients suffering from liver cirrhosis, the level of lipide 
phosphorus has been found to be about 5 mg. i.e., 50% of the normal level, on 
the average. Assuming that the molal ratio choline /lipide P — i, the level of 

, . ,,, 5 X 139-5 mg./ 100 cc. 

choline in blood of tliese patients would be 

^ 31 22.5 mg. / 100 cc. 


These experiments, therefore, suggest that the level of lipide P in blood may be 
used to assess the level of cholin and may be useful as suitable liver efficiency te.-t. 
Moreover it suggests that choline deficiency in diet as a probable factor in the 
etiology of cirrhosis of liver and its use in treatment is indicated. However extensi\'e 
investigation is necessary before these tentative suggestions can be put on factuuT 
basis. 


Summary 

Biochemical changes in blood in clinical case.s of cirrhosis of liver al the (Jrisye^ 
Medical College hospital have been investigated and diminution of blood protein. y 
reversal of albumin /globulin ratio and marked diminution in Lipide P ha\e Ixavt 
found. The significance of the last change is discn.sscd .and the c.stimaticm of lipidLy 
phosphorus is suggested to dctenninc the cliolinc dcficicnc\-. Ltinlogy of liver 
cirrhosis in human cases inav be due to lack of choline m diet and chf'line themp) 
is therefore suggested as a rational treatment. 
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OBSERVATIONS ON ASCORBIC ACID, AND 

EXTRACTANT OF ASCORBIC ^ROM PDA^^ 

ITS EFFECT ON THE STABILITY OF ASCORBIC 
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E..o,n rclcil of scientific and Austria! ResearC. 


(Received for publication. April 29. 19 lS) 


The extraction and stabilization of to the ability 

ig been a problem. Most of the informa ion 1 qj different acid" 

various acids to stabilize ascorbic aci m _ solutions oxalic acid (i O- 

commended for the stabilization of pure ascor , j-f-jd and trichloro- 

etaphosphoric acid (5—7) and a ° attention seems to have been 

:etic acid (8) were most satisfactor^^ ^ materials and it." sub"eqnent 

Jvoted to the extraction of ascorbic a undertaken in order to sinci\ 

abilization. The experiments described he comparison with hitherto U"ed 

(ctractive and stabilizing ability of jj, plant materials. Ihoteclmiqiu 

cid mixture (metaphoric and trichloroace 1 < according to method de"i-nH< 

sed for the determination of ascorbic aci j-csults of the investigation .rrc 

arlicr (Ahmad, Qureshi and Babbar, 9)- 
;iven in the following tables. 
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TABLE I 


Loss of ascorbic acid from plant extracts in 
of oxalic acid 0.4% and acid nuxture. 

presence 


Plant Material 

Extracting aci'l 

.Ascorbic acid mg./ 100 g. 

Initial After 

.18 hrs. 

Loss 

% 

1. Peas [Pisuvi sativum) 

Oxalic acid 

25.0 

i.|.5 

42.0 


Acid mixture 

37-0 

28.5 

34-0 

1. Potato {Solanum 

Oxalic acid 

24.4 

22.0 

9.02 

tuberosum) 

Acid mixture 

17.8 

12.7 

34-- 

0.0 

0.0 

3. Fenugreak (Tngouella 

Oxalic acid 

200.0 

200.0 

fcBinigrcecum) 

Acid mixture 

200.0 

200.0 

69.9 

16.6 

4. Aunra 

Oxalic acid 
Acid mixture 

26.6 

32.0 

8.0 

26.6 

5. Lemon 

(Citrus limouum) 

Oxalic acid 

80.0 

64 .0 

20.0 

Acid mixture 

.53-3 

45-7 

12.3 

7-14 

0 r"* 

6. Radish leaves 

Oxalic acid 

r.jo.o 

130.0 

(Rnphanus sativus) 

Acid mixture 

175-0 

160.0 

8.5/ 

7. Bengal gram 

Oxalic acid 

1 10.7 

94.1 

15.0 

(Cicer arietinum) 

Acid mixture 

160.0 

100.0 

37-5 

39-6 

39-^’ 

8. Bitter gourd 

Oxalic acid 

183.3 

J10.7 

(Memordica charantia) 

.Acid mixture 

183.3 

110.7 

Q. Rape seed leaves 

Oxalic acid 

100.0 

S8.S 

II. 2 

(Brassica naphus) 

Acid mixture 

1 01. 4 

88.8 

12.42 

10. Indian Gooseberry 

Oxalic acid 

53-3 

50.0 

6.2 

(Phyllanlus emblica) 

Acid mixture 

53-3 

50.0 

6.2 

ri. Red turnip leaves 

Oxalic acid 

133-3 

117.0 

12.22 

(Brassica) 

Acid mixture 

133.3 

100.0 

25.00 


TABLE II 

Loss of ascorbic acid from plant extracts in presence of oxalic acid {0.4-%} 
and acid mixture in different lengths of time (3 to ^ hours). 


Plant Tnaterial Extracting Ascorbic acid mg. / 100 g. Loss of ascorbic 

3cid fresh plant material. acid % 




Initial . 

After 

3 hrs. 

After 

5 hrs. 

After 

3 hrs. 

After 

5 

T. Guava 

(Pisidium 

Oxadic acid 

200.0 

200.0 

197-53 

0.0 

2.47 

guavaja) 

-Acid mixture 

205.8 

205.8 

20=). 8 

0.0 

0.0 

2. Lemon 

(Citrus 

O.xalic acid 

41.2 

41.2 

40.0 

0.0 

2.93 

limonim) 

•Acid mixtume 

52.6 

52.6 

51 -2 

0.0 

1.66 

3- Aunra 

Oxalic acid 

22.5 

22.5 

20.0 

0.0 

g.09 


Acid mixture 

24.1 

24.1 

22.0 

0.0 

4-97 

4. Potato 

(Solanum 

Oxalic acid 

20.0 

20.0 

18.8 

0.0 

6.0 

tuberosum) 

Acid mixture 

19.7 

T9.7 

18.3 

0.0 

• 7-1 
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Loss of ascorbic acid pvm plant extracts in presence of oxalic acid ( 0 . 4 %) 
and acid mixture with added copper (. 0002 %) after 24 hours. 


Plant Material 

Extracting acid 

Ascorbic acid ing/ioo g. 

Loss of 



fresh plant material 

ascorbic 
acid % 



Initial After 



24 hrs. 



1. Lemon 

Oxalic acid 


80.0 

64.0 

20.0 

(Citrus liiiioiiuiii) 

Oxalic acid 

+ Cu 

— 

53-3 

33-3 


Acid mixture 


53-0 

45-7 

12.3 


Acid mixture 

+ Cu 

— 

14.6 

72.4 

2. Mossamnii 

Oxalic acid 


20.0 

13-3 

33-3 


Oxalic acid 

+ Cu 

— 

10. 0 

50.0 


Acid mixture 


22.8 

1S.5 

18. 8 


Acid mixture 

+ Cu 

— 

35 b 

33.14 

3, Potato 

Oxalic acid 


24.4 

22.2 

9.02 

(Solaninn tuberosum) 

Oxalic acid 

+ Cu 

— 

17-7 

27.4 


Acid mixture 


32.0 

12.7 

34 -2 


Acid mixture 

+ Cu 

— 

7-1 

5S.4 

4. Dried peas 

Oxalic acid 


7-57 

7-03 

7.3 

(Pisum sativum) 

Oxalic acid 

+ Cu 

— 

6.15 

18.8 


Acid mLxture 


8.9 

7.81 

12.02 


Acid mixture 

+ Cu 

— 

5-70 

23-7 

5. Pear 

Oxalic acid 


5-6 

4-5 

19.6 

(Pyrus communis) 

Oxalic acid 

+ Cu 

— 

4.0 

2S.5 


.Acid mixture 


4.8 

3-9 

M 

CO 


Acid mixture 

+ Cu 

— 

3-2 

S3 -3 

5. Orange 

Oxalic acid 


53 ’3 

26. 65* 

50.0* 

(Citrus siueuoi) 

Oxalic acid 

4-Cu 

— 

1 5 33 * 

75 - 5 * 


Acid mixture 


47.2 

42.4 

10.17 


Acid mixture 

+ Cu 

— 

35 3 


7. Lintel 

Oxalic acid 


12.3 

10. 0 

20.0 


O.xalic acid 

+ Cu 

— 

S -33 



Acid mi.xture 


14.92 

11.2 

2.|.7 


Acid mixture 

+ Cu 

— 

10.5 

20.3 

S. Palak leaves 

Oxalic acid 


13-3 

ri.) 

1 }.2 


Oxalic acid 

+ Cu 

— 

S.o 

30. S 


Acid mixture 


20.7 

1 6. 1 

22.2 


Acid mixture 

+ Cu 

— 

3 1-5 

.U 7 ^ 

9. Guava 

Oxalic ocid 


200.0 

1S7..S 


(Pisidiilm gtiavaja) 

Oxalic acid 

-Cu 

— 

1 70.0 

15.0 


.Aci<l mixture 


205.8 




Acid mixture 

■^Cu 

— 

iS j.7 

10.03 

10. Chowli leaves 

Oxalic acid 


20. <> 

8.0* 



Oxalic acid 

-Cu 


,.o‘ 



Acid mixture 






Acid mixture 

-Cu 





11. Aunrn 

Oxalic acid 



> 0* 

C f 

t'l* f 


Oxalic .aci<! 

- Cu 


' J 



Acid mixtun- 


3 - 

a • <^1 



Acid mixture 

-Cu 



' 


• .Mtcr (8 hour;-. 

8 
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Table I and II give the rosnlls o( the extractive and 

oxalic acid and acid mixtnrc, consisting ol raclaphosphonc acid an . 

acid for varying lengths of time (24 and 3-5 hours respectively). initially 

that in mosl of the plant tissues the extractive powers are comparab b it.^lj^ 

in presence of both the exacting acids. Upto 3-5 hours the hna 

extracts are also comparable (Table II). But after 24 hours there is an ‘ PP 

difference in some plant extracts in the amounts of ascorbic acid in le p ~ 

the two extracting acids (Table I). Generally, the values do no 1 e . . , 

each, other, even after 24 hours. This shows that the extractive and an 

capacities of the two acids is almost the same except in a few cases. 


In Table III is given the effect of the two acids in inhibiting 0x1 a ° 
ascorbic acid in presence of small concentrations of added copper. 
the final values in some cases are comparable. In some plant extracts, e 
ascorbic is more in the presence of oxalic acid, while in some extracts more 
observed in presence of acid mixture. At this stage this behaviour o 
extracting acids in presence of copper cannot be satisfactorily explaine 


Summary 

A comparison is made of oxalic acid and a mixture of metaphosphoric 
and trichloroacetic acid with regard to their extracting and antioxidant a 1 1 
ascorbic acid in some plant extracts. It is found that oxalic acid is equa } 
if not better than the most commonly used acid mixture, as the best ex 
and antioxidant of ascorbic acid. Oxalic acid is also found to be equally e ec 
in inhibiting the oxidation of ascorbic acid in plant extracts in the presenc 
added copper. 
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A nun... o. «ca.. — 

hypochromic ansemia do not rosponc o amounts of iron arc c..(C.nc 

others claim that with combine ^joublc rcticuioc\-t<- method, Mold (_>! 

than when iron is given ; i„i\iatocl a second reticnloct'tc ro^pan^e. 

has found in several cases, that coppe 



jq 8 KALYAN BAGCllI AND SUDIIIK CIIOWDIIUKY 

The above obesrvations prove that copper occupies a very important place in 
the group of trace elements which arc essential for human nutrition. 

The present work was undertaken to determine the copper content of some 
common Indian foodstuffs and in order to find out whether the requirements of copper 
for adults and infants are satisfied by the diets they usually consume. e 
contents of different varieties of Bengal fishes have already been determined oy 
Saha (4) and hence fish was omitted from this work. 

Samples were collected from three different sources in Calcutta and the averag 
value for each foodstuff is expressed in this paper. 


Experimental 

The colorimetric method of Callan and Henderson (5), using Sodium diethyl 
dithio-carbamate, as modified by McFarlane (6) was followed in this inyestigatiom 
Ashing, extraction and development of colour were carried out according to 
method described by High (7). The colour matching was carried out in an 
Photoelectric Colorimeter, using Filter 420 (violet). The salient features 0 c 
method are as follows : 


The dry ashing was done in a silica or platinum basin at 600° — 800 C. 
the extraction of the ash, a mixture of 2 volumes of dilute HCl (i + 1) to i volume 
of dilute HNO3 (i + 1), both of A.R. quality was used. Citric Acid was used 0 
prevent interference by calcium phosphate and manganese. Sodium pyrophosp ^ 
was used to prevent interference by Iron. Instead of using a 2% aqueous solution 
of sodium diethyl-dithiocarbamate, a i : 25 mixture of sodium diethyl-dithiocarba 
mate to sodium chloride (A.R.) was prepared and 0.5 g. of this mixture was ad e 
to develop the colour. High (5) has determined that for the full development o 
colour containing 94 microgramme of copper, 20 mg. of sodium diethyl-dithio- 
carbamate is sufficient. Hence 0.5 g. of this mixture is sufficient for the estimation 
of copper in the range present in most foodstuffs. 


In case of milk, meat and eggs, direct extraction with trichloracetic acid, accord- 
ing to Tompsett (8) was done instead of acid digestion. Saha (4) found good 
agreement in results according to this method and that obtained after digestion with 
sulphuric acid and perchloric acid. The clear filtrate obtained after centrifuging 
was treated exactly in the same way as was done with the extract of the ash. 


The results are calculated from a standard curve prepared by using different 
concentrations of standard solutions of cupric sulphate (A.R.). A blank figure for 
all the reagents was determined beforehand. Glass distilled water was used 
throughout the investigation. 


I he results of some recovery experiments are presented in Table I. 
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TABLE I 

Recovery of added copper from ash solution. 


Copper added 
(microgramme) 

Copper found 
(microgramme) 

Recovery 

% 

— 

15-5 

64.2 

97-4 

50 

63.8 

gO.8 

50 

64.4 

97.8 

50 

62.7 

94-4 

50 

50 

63.1 

95-2 


TABLE II 

Copper Content of some common Indian Foodstuffs 


Common English 
Name 

Botanical 

Name 

Copper 

Microgramme /g. 


CEREALS 

Barley (pearl) 

Maize (yellow) 

Millet 

Rice law milled 

Rice parboiled milled 

Rice parboiled hand pounded 

Rice puffed 

Wheat flour refined 

Wheat flour whole 

Wheat whole 


Hordettin vidgare 
7.c(t mays 
Sorghum vulgare 
Oryza saliva 


» » 

Triticum vulgare 

» * 


1-3 

3-S 

3-6 

1.66 


1.9 

i.S 


1-5 

2.1 

3-0 

35 


PULSES 
Bengal gram 
Green gram 
Lentil 
Red gram 
Soya bean 


Ciccr arietinum 
PUaseolus radial m 
Lens esculenlus 
Cajanus indicus 
Glycine hispida 


0.8 

7.6 

5-5 

71 

3.01 


NUTS AND OIL SEEDS 

Almond 

Cocoanuts 

Ground nuts 

Mustard seeds 

Walnut 

VEGETABLES— GREEN LEAFY 

Amaranth 

Cabbage 

Coriander 

Drum stick leaves 
Fenugreek leaves 
Lettuce 
Mint 

Pumpkin leaves 
Radish leaves 
Spinach 


Primus amygdalis 

5-1 

0.3 

Cocos uucifera 

1-2 

Arachis hypogca 

3-’ 

Brassica junceu 

Jnglas regia 

7-5 

Amaranllms gangelicio> 

0 1 

1.0 

Brassica oleracca ca pi tala 

I 8 

Coriandriim sativum 

i.i 

Moringe okifera 

0 0 

Trigonella foenum graiC.um 

1.8 

Lactuca saliva 

1.8 

Nentha viridis 

) ! 

Cucurhita maxima 

! 2 

Raphantis salivas 

S.O 

Brassica cordifolia ^ 

— — 




COPPER CONTENT OF SOME INDIAN FOODSTUFFS 


III 


Discussion 

It is evident from Table II that copper is widely present in foodstuffs. The 
following are good sources of copper: Pulses, nuts, cereals, leafy ^ 

foods and liven Liver is the richest source examined in the present series of food- 
stuffs. Milk is poor in copper, particularly human milk. 

The requirement of copper as recommended by the 
of U.S.A. (9), is I to 2 mg. daily for an adult and 0.05 mg. per Kg. of bod; n eight 

for the infants and children. 

It will be of interest to know the approximate content of copper ■” "j'', 
■Balanced' diet for an adult. Table III shotvs the compostbon of a Ja tanced 
diet for an adult and the quantity of copper derived from each group 


The contribution 

TABLE III 

of copper by different groups of foodstuffs 
to a well 'Balanced diet. 

jStame of foodstufis. 

Quantity 

Ozs./day 

Copper 

mg. 

Rice parboiled 

Pulses 

Vegetables — leafy 

V egetables — others 
Fruits 

TMilk 

Fish 

16 

3 

4 

4 

2 

8 

4 

0.9 

0-5 

0.8 

0.2 

0.05 

0.5 

0.15 

Total-— 2.48 mg. 


It is evident that the intake of eopper is qm.e adequat. ■« -V - 

that the effect of cooking m iron tesse . . . cooper from the vessel, as iron 

the copper content of foods due to contamination of copper 

utensils do contain traces of copper. 

AS regards the diet of infants, milk is Jhc "infl^^ 

content of human milk is 0.016 mg. per i ^vcielit, so that by 5^1 montli 

weighs 5 lb. Usually by 5th month, 1 ou - ^ j National Research 

it weighs xo lb. According to — :r„Tcopper por Kg, body weigh. 

Council, its requirement of copper wi „.ill be about 21 oss. per 

I.c. 0.23 mg. of copper per day. _ breastfed, it "'H 

pound of body weight por day (lo), i.e. a fore, there is a great probability 

get about 0.I14 mg. of copper per ay. vegetables soup etc. are given, 

of copper deficiency, unless supplement of egg yolk, ^e,etan ^ 

In case an infant is fed on cows’ to^the dilution of milk 

because while there is a lowering of t ic copper present in metal uteiuil-, 

with water, this effect is offset by the traces of copper P 

used for boiling, finding their Ne,a> 
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Discussion 

It is evident from Table II that copper is wdely present in foodstuffs. The 
following are good sources of copper; Pulses, nuts, cerems, leafy vegetable, flesh 
foods and liver. Liver is the richest source examined m the present senes of food- 
stuffs. I^Iilk is poor in copper, particularly human milk. 

The requirement of copper as recommended by the 
of U.S.A. (9), is I to 2 mg. daily for an adult and 0.05 mg. per . & 

for the infants and children. 

It will be of interest to know the approximate content of copper a "’efl 
‘Balanced’ diet for an adult. Table III shows the composition of a well Ba anced 
diet for an adult and the quantity, of copper derived from each group of foodstuff^ . 

TABLE III 

The contribution of copper by different groups of foodstuffs 
to a uvell ‘Balanced’ diet . 


Name of foodstuffs. 


Rice parboiled 
Pulses 

Vegetables — leafy 

V ege tables — others 

F ruits 

■Milk 

Fish 


Quantity 

Ozs./day 

16 

3 

4 
4 
2 
8 
4 


Copper 

mg 

0.9 

o 5 

0.8 

0.2 

o 05 

0.5 

0.15 


Total— 2 48 mg 


It is evident that the intake of copper is quite . jlou^eholds. ^increase. 

that the effect of cooking in iron vessels, as copper from the vessel, as iron 

the copper content of foods due to contamination of copper Irom 

utensils do contain traces of copper. 

As regards the diet of infants, ‘’Alave“rage neXm" infanUn India 

content of human milk is 0.016 mg. per • =0 that by 5^6 nionih 

weighs 5 lb. Usually by 5th month, 1 011 ' j^ational Research 

it neighs ro lb. According to “f „ ‘pc^cr Kg. ix.dy 

Council, its requirement of copper vi .®^,„cnt will be about 2I o/.s. P" 

i.e. 0.23 mg. of copper per daj . I - infant is broa..tfc(l, will 

pound of body weight per day (10), i-C- a ^j^cre is a .creat probabiliti- 

get about 0.114 mg. of ^-oik. vegetables soup etc. are given, 

of copper deficiency, unless supplcnic tat. . 

-> milk the position is perhap- not alter'd. 
In case an infant is fed on cows mil . 1 ^ ,,1,1^ 

because while there is a lowering of t ic coj copper present in nu ta! utci'-il-. 

tvitu rvater, this effect is offset by the traces of coyi P 
used for boiling, finding their wA} into t ic 
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Summary 

1. Copper content of 75 common Indian foodstuffs have been determined. 

2. The possibilities of copper deficiency in adults and infants are discussed. 
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lO^S) 


It has long been recognised that most of the purification 

the capacity of hydrolysing phosphonc es cr^, cxclu‘^ivcl\- concerned 

and chemical nature of the enzyme has 1 nhoenhatascs of hiqhcr plant' and 
with the enzymes from animal sources. the attention that their ubiquity 

particularly the leaf phosphatases have no 
demands. 



114 


1^. DAS and K. GtRl 


PfanWch (t) purified the phosphatase from potato 

precipitation with alcohol and the “"mi obtained highly active 

lulls- and 10-15 PE/mg. respectively. Letter, Gm (2) obm^ 

preparLions of phosphatase from oipitato with acetone {b) 

method of purification consisted of (a) frac i P ^^terial by precipitation 
solution of the most active fraction (c) re™™' ^ ‘ ^jod preparation 

at m 5-0 and (d) final dialysis ” Jo'os^^^ 

possessed an activity of about 150 phy PE /mg. .j-l purified preoara- 

L about 350 times as active as the original seed power. The punfie p . 

tlon gave protein and carbohydrate colour reactions. purification of leaf 

There is practically no work reported in 1 era “tn .j ^ ; literature 

phosphatase and its chemical nature. The records of its 

regarding the phosphatases of plant leaves is frequently confin t 
presence and of the optimum pH for its actions. Some 

possible differences in phosphatase activity. Since leaves 8 i,„s. 

sources of the enzyme among plant tissues, it was thought desirable 
phatase should be selected for purification. The present P^P ,„a the 

Lps involved in the purification of phosphatase from French bean leas 

results of the study of its chemical nature. 


Experimentai. 

(a) Preparation of leaf material. Fresh leaves of French bean plant 
vulgaris. L) were used for the isolation and purification of the enzyme. 
leaf powder was prepared from the leaves according to the metho 

authors (Das and Giri, 3). water from 

(5) Extraction of the enzyme. The enzyme was extracted wi 

the dry leaf powder as described before (Das and Giri, 3). Vincnhatase 

(c) Phytophosphatase unit (Phy. Ph. U.). The unit of ^ ^ r ^ j- j^g. 
activity is defined as the amount of enzyme required for the formation 0 
of inorganic phosphorus after one hour’s hydrolysis at 35 °C under op imu 
tions of substrate concentration (6%) and pH 5-2. ^-glycerophosphate wa 

substrate. ‘norganic P 

The phosphatase activity is always expressed in terms of mg. 0 1 

formed in the total volume of the reaction mixture unless otherwise state 

The phosphatase activity was determined as described before (Das an ^ ^ 

For purposes of convenience, the phosphatase activity was determiiw factor 
substrate concentration and the value thus obtained was multiplied y •. 
so as to obtain the value corresponding to the activity at optimum su 
concentration (6 per cent). It was found that the activity at 6% substrate wnc 
tion was always four times the activity at 0.4% substrate concentration. ^ 
obtained for activity at 0.4% substrate concentration was, therefore multip le 
4 in order to obtain activitj' at optimum substrate concentration {i.e. 6 per 


I. 


Purification of the enzyme 


Much preliminary work was done to determine the most promising proced 
for purification of the enzyme. We need not discuss here in detail all the cxp<- 
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mental work which has entailed in the development of our method for the purifica- 
tion of the enzyme. Some of the important results are, however, briefly described 

below. 

I. Method of preliminary purification. 

Aqueous extract of the leaf powder was used as starting material for the Punfiua- 
tion of the enzyme. Various methods of purification were studied. All the methods 
of purification studied namely, fractional salUng out with ammonium sulpha e, 
fracUonal precipitation with alcohol and acetone yield products having practicaUy 
the same potency. The loss in enzyme activity dunng the course of punficati n y 
these methods is very negligible. The method of alcohol preapitation was. however, 
used in all subsequent experiments. 

II. Purification by adsorption. 

(a) Adsorption of the enzyme. Various adsorbents like Fuller’s "”‘ 1 ' 

charcoal, alumina B, alumina Cy, magnesium 

investigated for finding out the specific nature of the adsorbents for ^ 

It was found that Fuller’s earth and norite charcoal do no adsorb '"e "y”' 

alumina B, alumina Cy, magnesium hydroxide and tncalcium P>'“^ 

enzyme from the aqueous solution at pH 7.0.. On further ■"'’estimation ■■ 

that alumina Cy is the most convenient and effective adsorbent ^ 

this was, therefore, used for the purification of the enzyme. “ 

influence of pH on adsorption of the phosphatase by ‘ ^ 

centage adsorption of carried out 

adsorption being complete at pH 3.6. ine a rp 

"'"/ ktioii: After adsorption the "" f 

activity was next investigated. It was found namely, phos- 

from the adsorbent by any of the known elutrean s gene y . 
phate buffer (^H 7.2)/ CO. sodium borate, acetic acid, 

and sodium acetate at 5 -- 6 ^^h^ver^ f; T work of Schmidt and 
In this connection it my be of intere&t alumina Cy cannot 

Thannhauser (5) who showed the adsorbent for remov- 

be recovered in soluble form. They have, > adsorbent being 

ing dontaminating substances leaving the succeeded in liberating the 

added in very small ^lantities. We have, « eliltrcants (q). ^ 

enzyme from alumina Cy by using salts ot ^ ^ r tartaric acid was found 

Among .he sails of carboxylic -"Xf, 1 “ " a. »% Sodinin 
to be the best, tlie anzyme being completely 

tartrate concentration. , , . based upon these 

The method ot purification finally worked out was ba 

properties. 

III. Final Method of Purification 

I. First Stage : Fractional precipitation xMth alcol 

e nvfract of french bean leaf powder N\as 
Fraction I.-ioo cc of fresh aqueou ^ tb,' 

mixed well with 20 cc of cold re-distille 
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precipitate formed Was centrifuged immediately. The '' 

Lignated as Fraotio,, 1 . The clear centrifugate was used for furd er 

The precipitate (fraction i) was dissolved in lOO cc of cold w ate . Q 

were taken for the determination of the activity and dryweight. 

Fraction 7 /.— The centrifugate from Fraction I was mixed ^ 

more of cold redistilled absolute alcohol for 5 minutes and the prKipi “ 
was centrifuged immedialeiy. The ccntrifugalo xyas discard^ 
which is designated as Fraction II was dissolved m lOO cc of co 
activity and dryweight were determined. 

\ 

2. Second Stage : Adsorption and ehition. 

80 cc of the enzyme solution of Fraction II were taken and 40 
acid— acetate buffer of pB. 3.6 were added topther with 20 cc o ^ 

(containing 151.2 mg of AUOaCy) and 20 cc of distilled water. The 

ing for half an hour, it was centrifuged. The centrifugate was 
residue containing the alumina-phosphatase adsorbate was treated ^ 

sodium tartrate solution, and shaken frequently for half an 6our in ^vhich 

the enzyme from the adsorbents. It was then centrifuged. c cen r 
contained the enzyme was then subjected to further purification by la ys 

3. Third Stage : Dialysis. 

The enzyme solution after elution was then dialysed for 40 hours in 
bag against distilled water at 5 °^' After dialysis the activity and ry 
determination of the enzyme solution were carried out. 

The progress of the purification is shown in Table I. 

The results show that highly active preparations of the enzyme can be o ^ ain^^ 
by the methods of purification described above. Various steps involve w 
purification procedure adopted can be summarised as follows . 

1. Fractional precipitation with alcohol. 

2. Solution of the most active fraction. _ 

3. Absorption of the enzyme from the aqueous solution of the most active ra 

at pB 3.6 by AhOaCy gel. 

4. ^Elution of the enzyme from the ALO^Cy phosphates adsorbate by lo/o so 

tartrate solution. 

5. Dialysis. 0-160 

By adopting the above procedure for the purification of the enzyme 

fold increase in activity can be obtained and the final product possessed an ac 
of 139 phy P.U./mg. which is about 160 times as active as the original leaf po' 

II. General Properties of the Purified Enzyme 

I. Infltience of hydrogen ion concentration on the activity of the enzyme. ^ 

The reaction mixtures contained 10 cc acetic acid — acetate buffer(m/ 5 )^ 
varying 10 cc substrate (1%), 2 cc of enzyme and 3 cc of water. The r 
the reaction mixtures was tested potentiometrically. The reaction mixtures 
incubated at 35 + o.2°C for one hour and the inorganic P. liberated was. c e 
mined. The results are presented in Table II. 



The progress of purification. 
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then eluted with 10% 1 
tartrate. It was then s 
jccted to ultrafiltration. 
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TABLE II 

Influence of hydrogen ion concentration on the 
activity of the leaf phosphatase 




Phosphatase activity in mg. P. 


3-6 

1-3 

4.0 

1-54 

4.21 

I. So 

4.6 

1-95 

5-2 

2.00 

5-7 

1. 91 

6.2 

1-7 


The results show that the optimum of the phosphatase actituty lies at 5.2. 
It was reported earlier that the optimum of the phosphatase activity of the 

leaf powder was 5.2. Thus the optimum of leaf phosphatase does not vary 

with the purity of the enzyme. This observation is contrarj’^ to the findings ol 
Ignatieff and Wasteneys (6) who found that the optimum for phosphatase acti- 
vity of the leaf of Canada Wohder beans lies at 5.5 — 5.9. 

2. Effect of substrate concentration on the activity of leaf phosphatase and the 
determination of Michaelis constant. 

Experiments on the effect of substrate concentration on the activitj' of leaf 
phosphatase (Table III) have shown that glycerophosphate hydrolysis by the 
enzyme, obe}'s strictly Michaelis and iNIenten’s equation and the initial velocity of 
hydrolysis can be predicted by the- theory that glycerophosphate enters into com- 
bination with the enz3TOe phosphatase. The constants Vma.x and Ks were evolved 
by the graphical method described bj' Lineweaver and Burk (7). 

TABLE III 


Effect of substrate concentration on the activity of leaf phosphatase and 
the determination of Michaelis constant. 


So(lii]m-/?-gU-cerophos- 
phate concentration (S) 

Mg. P. in 25 cc. of reaction 
mixture after one hour 
hydrolysis. 

Calculated from 
equation . 

y_ ( 

\ (S)0.O)2 

0.013 

1.05 


r.09 

0.026 

1.67 


I -73 

0.0322 

2.0S 


2.0 

0.0645 

2.63 


2 74 

0.0968 

3-03 


3.16 

0.13 

3.43 


3?3 

0.16 

3 ..SS 



0.20 

3-75 


3 - 7 .*! 

0.226 

3 -'^5 


3-^3 
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It is clear from the above table that the values 
Michaelis and Menten’s equation for the activity of the enzym 
ing substrate concentration agree well with the observed values. 

3. Relative rate of hydrolysis of various substrates by leaf phosphates. 

The activity of leaf phosphatase was determined using 
(Sodium-^-glycerophosphate, (Merck) ; Sodium Alpha g ycerop ° P 
Pure Drug Co), Sodium Hexose diphosphate, prepared from Calciu ^ 
diphosphate. Sodium pyrophosphate) at pR 5.2 and at temperature 35 - • 

The reaction mixtures contained 10 mg. of total ; 

substrates used. The reaction mixtures contained 10 cc. 0 ace a 
substrate containing 10 mg. of phosphorus ; enzyme and wa er ° ^ ^ mixture 

volume to 25 cc. After i hour hydrolysis the inorganic P m fh 
was determined. The results are shown in Table- IV. 


TABLE IV 

Relative rate of hydrolysis of various substrate s by the leaf phosphatase^ ^ 

Time in Mg. of P. formed in the total volume o f the reaction mi xture^^_____ 

minutes. — — " ft <Av- Sodium Py*""" 

Sodium hexose Sodium alpha Sodium^ g y phosphate, 

diphosphate. glycerophos- ceropnos- F 

phate. phate. 


o 

5 

10 

15 

20 

30 

40 

60 


o 

0.152 

0.27 

0-34 

0.40 

0.75 

0.80 

0.92 


o 

0.356 

0.563 

0.75 

0.85 
1.02 
1 . 21 
1.44 


o 

0.4(1 

0.8 

0.93 

1.06 

1.65 

1.9 

2.32 


0 

0.95 

1.75 

2.26 

2.8 

3-75 

4.06 

5-8 


The results show that among the substrates, pyrophosphate is more 
hydrolysed than all the other substrates. The rate of hydrolysis of 
phate is greater than the Alpha glycerophosphate. Hexose diphosphate is s 
hydrolysed by the enzyme. The order of increasing hydrolysability of t e 
strates by the leaf phosphatase is as follows: — 

Pyrophosphate > / 3 -glycerophosphate >. Alpha glycerophosphate > Hexose diphosph 


HI. The Chemical Nature of the Enzyme 

The preparation used for studying the chemical nature of the enzyme wa 
obtained by purification according to the method described above. 

I. Qualitative tests for carbohydrates and proteins. 

100 cc. of the purified enzyme preparation was evaporated to locc. an 
lor the following tests. 

Molisch reaction — positive. , 

Fehlings test — ^Thc enzyme solution does not reduce Fehling’s solution. But a 
hydrolysis with 10% Hel for one hour, it gives positive reduction te.st. Tiu? m 
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cates that the enz3Tne solution contains polysaccharides or glucosides which liberates 
reducing sugars on hydrotysis mth acid. 

Biuret reaction — ^Negative. 

Ah'?; hydrin reaction — ^Positive. 

Nitroprusside Test for thiols — ^Negative. 

Total nitrogen — 3.3 per cent. 

2. Digestion mth papain— The activity of the enzyme is not affected by 
digestion with papain. 

3. Influence of various substances on the activity of leaf phosphatase which 
are known to combine with the various groups in the enzyme molecule. 

The effect of iodine, iodoacetic acid, iodoacetamide, potassium permanganate 
on the hydrolysis of glycerophosphate by the enzyme was inwstigated.^ Reachon 
mixtures were set up containing 10 cc. of Ilfs acetate buffer (^H 5-2), 5 • 

(4%) sodium-iS-glycerophosphate, 5 cc. of the enzyme and known voluine of the 
suMance whose influence is to be studies on the enzymic hydrolysis Th« total 
volume of the reaction mixture was made up to 25 cc. e me o 3 
was I hour. The results are presented in Table V. 

TABLE V 

The effect of various substances on the hydrolysis of glycero- 
phosphate by the leaf phos phatase. 

Phosphatase activity. Inhibition 


Substances added. 


Concentration of 
the substances 
added. 


Control. 


Treated. 


Of 

/o 


Iodine 

Iodoacetic acid 
Iodoacetamide 
Potassium permanganate 


2.5 

0.5 

10 

mg. 

mg. 

mg. 

2.01 

2.01 

2.01 

0.37 

0.88 

2.0 

02. 0 
56.2 
0 

25 

10 

25 

mg. 

mg. 

mg. 

2.01 

2.01 

2.01 

2.02 

I.SS 

I.S7 

0 

6.5 

7.0 

100 

1 

mg. 

2.01 


The results show that iodine and potassium " ‘V ific 

of the phosphatase, while iodoacetic acid and lodoacetami . ineffective, 

inhibitors of urease and other enzymes 

This shows that stronger action of certain 

connection, .it ma}' be mentioned that Sizer ( ) t> „ found that 

oxidants and rednclants upon tbe activity IZn add 

Strong oxidants inactivate phosphatase ^ (Herriott. o) also is in- 

like tyrosine but not trv'ptophane. S . 3 P P , , gj^er (S) from his 

activated by the iodination of huosine in oxidants such as 

results suggests that the inactivation o p -P ^ oxidation of sub.=u* 

iodine and potasrium oxidation of siilphydryl groups or by 

tuent amino acid in the cnzimie rather tl > - investigation aho confonn 

protein dematuration. The results obtained rn tbe present .„rcst,,atnn 

to the same view. 


2 
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Effect of Nitrons acid. 

The following experimental mixtures were set up. 

1. 20 cc. enzyme solution + 20 cc. acetate buffer {pH 5 - 2 ) + 20CC. H.U 

2. 20 cc. enzyme solution + 20 cc. acetate buffer {pH 5.2) + 20cc., 2MISa : 
and incubated at 35°C and 10 cc. aliquots were removed at zero time and a s ^ 
intervals, and after dialysis to remove traces of sodium nitrate, the ac m y 
determined. As the nitrous acid interferes with the colorimetric eshma on 
phosphatase by its reaction with phosphomolybdous blue colour, it is necessary 
remove the nitrate by dialyse. The results are presented in Table VI. 

■ The results show that nitrous acid inactivates the phosphatase, the 
inactivation increasing with increase in the time of incubation. This ® . 

amino group may be involved in the activity of the enzyme. Recently, ou 
investigating the significance of the amino and tyrosine groups in alka me P^^^ 
phatases (from kidney, bone and intestine) by deamination with nitrous aci rep 
that the activity is reduced by nitrous acid. 

Effect of formaldehyde. 

In view of the above observations on the effect of nitrous acid indicating th^ 
probable occurrence of amino group as one of the active groups of the , 

influence of formaldehyde on the enzyme was investigated with a view to ga ^ 
additional information on the occurrence of active amino groups in the enzym 
molecule. 

The following experimental mixtures were set up. 

1. 20 cc. enzyme solution + i cc.- formaldehyde + 9 cc. HjO,. 

2. 20 cc. enzyme solution + 10 cc. HaO. , 1 f? n 

and incubated at 10° C in a refrigerator. At stated intervals, 5 cc. of the so u 0 
were taken and the activity was determined after dialysis for 6 hours to remov 
formaldehyde. The results are presented in Table VI. 

TABLE VI 


Effect of sodium nitrite and formaldehyde on the leaf phosphatase. ■ 


— - — 

Reagent. Concentration of 

reagent in the 
experimental 
mixture. 

Period of 
incuba-tion. 

Phosphatase activity. 

Control. Treated. 

Inactivation 

% 

Sodium nitrate 0.66 m 

0 

o.gt 

0.92 

0 


5 min. 

0.89 

0.55 

3S.2 


15 .. 

o.gt 

0.37 

59 -S 


30 /. 

0.90 

0.28 

70.0 

■Formaldehyde x.3 per cent. 

0 

0.91 

0.91 

0 


2 hrs. 

0.91 

0.75 

17-5 


4 .. 

0.93 

0.58 

26.6 


8 „ 

0.88 

0.52 

42.0 


10 „ 

0.90 

0.47 

48.0 


Ihc results show that formaldehyde inactivates the enzyme, the percentage 0 
inactivation increasing with increase in the time of incubation. The experiment 
al«i confirms the suggestion that the enzyme contains free active amino groups m 
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the enzyme molecule. Recently, Gould (10) also has shown that the alkaline phos- 
phatases of kidney, bone and intestine are inactivated by formaldehyde, thereby 
indicating the presence of intact amino groups in. the enzyme. 

Methylatio 7 i with diazoiJtethane. 

Diazomethane is a valuable methylating agent which is especially suitable for 
the methylation of phenolic and carboxylic groups. Further, it is a mild methy a - 
ing agent, best suited for use with labile and sensitive substances as it reacts m 

neutral solution. It is usually used in solution in ether. _ 

Diazomethane has been used for the methylation of phenolic groups in certmn 
glucosides (Herzig and Schonbach, ii), starch (Schmidt and Zeutner, 12% ascorbic 
Lid (Haworth and Hirst, 13). penicillin (Meyer, Hobby and Chaffee, 14) . (Mejer, 

Hobby and Dawson, 15) : (Hickey, 16) and (Cavalhto, 17) • pn7vmcs 

Very little is known regarding the effect of diazomethane on enzymes 

Helferich, Specidel and Toeldte (18) have _ investigated f f f ^vm^ 
by diazomethane on the activity of emulsin and observed a 

inactivated by treatment with diazomethane. 

The influence of diazomethane on phosphatase activity has je b 
studied. The following experiments were, therefore, earned ou wi 
study the effect of diazomethane on the purified leaf phosphatase. 

Preparation of diazomethane (Owen, 19). Diazomethane 
ether soLon by Lding ice cold aqueous potash and efter to - 
urea and distilling very slowly from a water-bath at about 50 , 

was no longer yellow. It was preserved in an ice c am er. 

Estimation of diazomethane in ether solution 

The diazomethane solution (Marshall and Acres, zo) 
with an excess of ethereal solution of benzoic acid. The reaction P 

““cOOH + CHiN. C.H.COOCH. + N1. The solution 

water and after the reaction is over the excess o . indicator with 

titrating with N/io sodium hydroxide, using phenophthalem as the indicator. 

vigorous shaking during titration. , r pfhnrcal 

The preparation contained 0.167 gram of diazomethane per to ml. of 

solution of diazomethane. 

The following experimental mixture were set up. 

1. 20 cc. of enzyme + 3 cc. of diazomethane in ellicr 

(containing 49.1 nig. CHriNd 

2. 20 cc. of eiizyme + 4 cc. of diazomethane in edicr 

(containing 65.8 mg. CHriNz) 

3. 20 cc. of enzyme -F 6 cc. of diazomethane in ether 

(98.2 mg. CH=N:) 

ri-na in each of the above experimental mixtm*-. 
and controls were run corresponding < mixtures were incubated at n>om 
using only ether without shaken and the meibyla- 

tcmperaturcs (22-23X). The breaks doi™ which c.m bi' h'. n 

tion progressed, the CH:N3 molecule 11 Die activity w.is dcicnmnwi 

by the disappearance of the yellow colour from ether. 
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at stated intervals of time taking out aliquots of lo “-4™™ ^'’™“The 

mixtures. The of the experimental solutions was adjusted io f 5 

results are presented in Table VII. tiercentaee 

The results show that the enzyme is inactivated by diazomethan - P 

of inactivation increases with increase in the .^.ential 

shows that the activity of the enzyme is destroyed by methyla lo 

active groups of the enzyme. These may be either phenolic or carboxylic g p • 


TABLE VII 


Iiiflucvce of diazoineihditc on leaf pJiospJtcitusc. 

Amount of dia- 

Period of 

Phosphatase activity in 

zomethane 

incubation 

mg. P. 

added mg. 

(mins.) 

Control. Treated. 

49.1 

30 

‘2.67 1.9 


60 

2.67 1.86 

65.8 

60 

2.67 1.70 

98.2 

120 

2.67 0.52 


Inactivation 

per cent. 


Discussion 

Highly active preparations of phosphatase from french bean 
obtained by adopting the procedure described above for the^ purinca ion 
enzyme. The final product obtained possessed an activity o a o 
Phy. P.U./mg. which is about i6o times as active as the original leaf pow 
Chemical tests carried out on the purified enzyme preparations 
positive reactions for proteins and carbohydrates. Further studies on the c 
nature of the active groups of the enzyme have shown the presence of active ^ 
and phenolic and hydroxyl groups in the enzyme molecule. This 
based on the results of experiments on the influence of sodium nitrite forma e , 
and diazomethane on the enzyme. All these substances inactivate the 
Sodium nitrite which as is well known deaminates amino acids, inactivates ^ 
enzyme possibly by deaminating the active amino group. In a similar ma 
formaldehyde inactivates the enzyme by reacting with the active amino 
the enzyme. Inactivation by diazomethane which is a very sensitive methy a i 
agent, shows the presence of active phenolic hydroxyl groups in the enzyme mo 
which on methy lation renders the enzyme inactive. Further investigation, is 
ever, necessary to throw more light on the chemical nature of the active groups 
in the enzyme molecule. 

The study of the chemical nature of the active groups of enzymes has been 
mainly confined to investigation on the presence of thiol, amino and pnen 
hydroxylic groups in the enzyme molecule. The nature of the active groups la 
alkaline phosphomonoesterase has been the subject of study by some investigators. 
Williams and Watson (zr) have studied the influence of sulphydryl com 
pounds upon the activity of bone phosphatase and showed the sulphydry 
group is not involved in phosphatase activity. Later, Sizer (8) from his studies on 
the action of certain oxidants and reductants upon the activity of bovine phos- 
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phatase (from kidney, lung and intestines) particularly by dilute iodine and 
permanganate concluded that the phosphatase activity is related to unaltered tyrosine 
in the molecule. This conclusion is based on the fact that the phosphatase is in- 
activated by dilute iodine and permanganate and that the ultraviolet absorption 
spectrum of phosphatase shifts to higher wavelengths, just as the absorption 
spectrum of tyrosine on the addition of strong ovidants. Recently, Gould (10) 
studied the chemical nature of the active groups in intestinal, bone and kidney 
phosphatases by treatment with ketene, phenyl isocyanate, nitrous acid and formal- 
dehyde and showed that the intact amino group is essential for full cnz3^mic activity. 
In this report, the phosphatase differs from pepsin (Herriott, and Northrop 22) 
whose activity is independent of the presence of amino groups. The present 
investigation in the chemical nature of the active groups in leaf phosphatase 
has thrown important light on the subject. The results obtained in the present 
investigation on the effect of sodium nitrite and formaldehyde are in conformitj^ 
with the results obtained by previous workers on animal phosphatases. It does 
afford evidence to show that the activity of the phosphatase is dependent on the 
existence of free amino groups in the enz3^me. The influence of diazomethane on 
the enzyme, has shown the existenc of phenolic hydroxyl groups in the enzyme. 
Thus the leaf phosphatase is similar to the animal phosphatases which require 
amino and phenolic hydroxyl groups for their activity. 

Summary 

1. Highly active preparations of leaf phosphatase were obtained b3' adopting 
the following method of purification. 

I; fractional precipitation with alcohol. 

2. solution of the most active fraction. 

3. adsorption of the enzyme from the aqueous solution of the most active 
fraction at pH 3.6 by AhOjCy gel. 

4. Elution of the enzyme from the Al~OaCy-phosphatase adsorbate b3' 10 per 
cent sodium tartrate solution. 

5. final dialysis. 

By adopting the above method for the purification of the cnz3'me 140-160 
fold increase in activit3'’ can be obtained. The final product possessed an activit3' 
of 139 Phy. P.U./mg. which is about 160 times as active as the original leaf 
powder. 

2. The optimum pH of the purified leaf phosphatase was found to be 5.2. 

3. The hydrolysis of sodium-^-glyccrophosphatc by the leaf phosphatase-, 
obeys ^Michaelis and jMenten’s thcor3\ 

4- The order of increasing h3'drol3'sabilit3' of substrates bv’ the leaf phosphatase 
is as follows : 

P3Tophosphate > (^-gh'ccrophosDbatc > Alpha gh ccro- 

phosphate > Hc.xosc-diphosphatc. 1 • 1 

5- Purified preparations of leaf phosphatase has been subjcctec to cuiiiica 

tests and found to respond to proteins and carboh\'dratc tests. 

6 . The influence of papain, iodine, pennanganate, iodo.uitic acid, .ounm 
tiitrite, formaldch3-de and diazomethanc on the activitx* of the cu/M.k 

investigated. 
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7. The chemical nature of the active groups in the enzyme molecule has been 
discussed in the light of the experimental results obtained on the influence of t le 

above substances on the activity of the enzyme. 

The authors’ thanks are due to Professor V. Subrahmanyan for his interest in 

the above investigation. 
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The effect of different vitemins on the metabolism 
phosphorus has been reported in our previous communica ion ro ■ ^ ' 

(Basu and De. x). The present paper deals with f ^Vpcrind 

in the metabolism of other nutritionally essential 
nianganese by balance experiments on human subjects. / me 
performed in other laboratories is given belot\. 
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Viianiin A‘. . i • flip 

Occurrence of anxmia in cases of vitamin A tafecBo^ 

literature. Although Josephs (2) in his ““ his experiments on 

accompanying vitamin A depletion, 1 amor a . jjamin A 

anamia in young children found rapid regeneration of rod cells 

administration. 


B Vitamins : 

Parsons et al (4), Day et d {5) nnd others have 
anti-anamic factor in the vitamin B-complex ^ „ and Parrot 

different animals. Some workers as Miller and Rhoa s ( ) of the 

(7) have claimed the above as one of the factors of the '“at-s™ ‘yham et d 
B-complex and this was indirectly supported by tte >■"’<== 'SaP (5 

(8, 9) who did not find any effect of vitamin B. in the retention of iron 

long term experiments. 

Vitamin C : 

Association of anaemia with scurvy is frequent and there are is 

is due to defective iron utilisation when the body’s reserve o 
depleted. Mettier et al (lo) and Dunlop and Scarborough (ii) P ^ of 
recovery from anemia and marked blood regeneration after admin 
ascorbic acid to the scorbutic subject. 


Vitamin D : 

In contrast to the observations of Sure and Kik (12), Hauss . 

and Borgen (14) that vitamin D do not appear to affect chicks 

Maughan (15) reported a reduction in the hemoglobin level in ® ^ ^ al 

and prompt rise of the level by ultraviolet irradiation of the animals an 
(16) noted greater degrees of ansemia on a vitamin D deficient die con 
excess of phosphorus. 

The above review indicates clearly that there are contradictory eviden 
ing the influence of different vitamins on the production and cure of anse 
retention of iron. The present work has been taken up to get more 
information about the subject by direct metabolic study on normal human 


Experimental 

The experimental subjects and technique of collection of urine and 
the same as that reported in our previous paper (Basu and De, loc cit). 
estimated by the thiocyanate method of Farrer (17), copper with diet y 
carbonate reagent according to the method of Callan and Henderson (18) as mo 
by !McFarlene (19) and Hoar (20) and manganese with potassium periodate rea 
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bv the method of Skinner and Peterson (21). Similar rice-fish (DI), wheat diets 
(DII) and vitamin supplements as were used in our previous communication were 

also employed in the present studje 


Results and Discussion 

Vitamin A: It is observed from the table I that administration of looo nnhs 
of vitamin A daUy improves the balance of iron to 

on copper and manganese is not conclusive and insignificant. The present work 
supports the observations of Mainzer and Joel {loc. cit) who found rapio regenera ion 

of red blood cell after vitamin A administration. with 

Vitamin B-comfhx: Administration of lo g. of marmite (yeast product) vith 

the daily diet (Table I) improved the retention of iron m to* 
anti-anreniic effect of yeast as observed by Day et at Voa- ml). » 

(loc. cit). may be due to its beneficial effect on the obhsabon of non for nonnal 

iimat-staMc , radon of „.c B-comptexy. Administration 
of marmite after destroying the heat labile factor (B.) of the complex by ;;e' 

showed a promising effect on the retention of ,ron The ■"'P— 
retention of copper and manganese were also observed to a 

Vitamin Bi : The supplementation of 6 mg. of vitamin 1 
basal diet (Table II) did not show any significant change m the ° , 

and coppen The most appreciable effect was observed m case of man.ane.c, 

retention of w'hich w'as decreased by giving extra \utamin 1. alone with 

Vitamin B. (Ribofattiny The daily dose of ao “S- 
the basal diets improved the balance of iron, copper an g 

““'ThrrenSSfreS m yeast in the utilisation of iron mt,- be 

or some other factor of the B.-complcx^ J dabor'aWdTv B, or some other factor 
suggested b}' different workers seems to be 

of the heat stable fraction. . ^ j ^ showed 

l-fto,„i„ C: The intake of 50 mg. v.tamm C "■* <“ bay' 

improvement in the retention of iron, copper an “ Metticr ct al (loc. cil.] 

associated with scurvy in vitamin C de cmyyyas ^,*mryd M J|e...cr^_^ 
and Dunlop et al (loc. cit.) was presumabh 

"Vitamin D: Administration of rooo units of 'iyntin D per 'to dy 

(Table IV) enhanced the retention »' „p';„„l by Manehan cl ui 

• e.Kcrehon. The occurrence of ameinia in . a^similntion of 

(loc. cil.) and Day cl nl (loc. cil.) ays most P™tobb dbcyy» 

the above elements on vitamin D deficienc_ . nU.,,. effect the priinarv effect 

iron due to deficiency of c-itamin D is perhaps a secondary eflect, I . 

being in the absorption of calcium and pliosp lonis. ahn'ot ail the 

From the res.tlts prcsenteci in the abye ca ntion 

Vitamins studied in the present inN cstig* 1 
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of iron, copper and manganese. Signilicanl improvement in the balance of copper 
and manganese was observed only in the eases of the vitamins B., C and D. ns 
improvement in the retention of iron, copper and manganese is effected by an 
increase in their absorption through the intc.stinc as is evident from diminution in 
their frecal excretion. This increased absorption through intestine under the 
influence of the vitamins may be clue to decrease in the /TI of this organ as a rcsut 
of which the precipitation of calcium phosphate and removal of soluble ioits h 'c 
iron, copper and manganese along with the insoluble calcium phosphate is rctardc 
The retardation of the individual precipitation of other phosphates also seem to 
occur. 


Summary 

1. Administration of the vitamins A, B-complex, B-cumplex (heat stable frac 
tion of the B-complex), Bj (riboflavin), C and D to the rice and wheat diets impro\e 
the retention of iron to considerable extent. Vitamin B. was found to show an 
adverse effect in this respect. 

2. Ingestion of the vitamins B^, C and D help also in the retention of copper 
and manganese to a certain extent. 

3. The anti-anmmic factor of the B-complex as indicated by different \^orke^s 
seems to be elaborated either b}^ riboflavin or some other factor of the Ba-complex. 

4. The improved retention under the influence of vitamins is due to enhances 
absorption through intestine probably resulting from decrease in the />H of tiis 
organ. 

The work was carried out by a grant from the Indian Research Fund Associa- 
tion to whom our thanks are due. 
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STUDY OF THE BISULPHITE BINDING SUBSTANCE OF URINE OF 
NORMAL HUMAN ADULT FED ON DIFFERENT RICE WETS FOR 
ASSESSMENT OF THE VITAI^IIN B, LEVEL OF THE DIETS 10 SATL F 

THE ADULT REQUIREMENT 


H. N. DE 

Flow the BiochemicnJ Laboratory. Dacca University. Dacca. 

(Received for publication, June 28, 1048) 

Nutritional investigation of different Indian dietaries carried out in this labora- 
tory by metabolic experiments on human subjects has shown that the ordinary ncc 
diet is inadequate with regard to calcium and protein contents (Basu Bas^ 

De, I). Different varieties of rice are consumed by the people of n ^ 

different parts and various processes are generally adopted for leir P P ‘ 
from paddy. The various methods of curing of rice as are generally adopted n Ind < 
influence their nutritive value to a considerable extent. e mos - 

is produced in the vitamin B. content, a major portion of which wasted a 0 
when the rice in the raw condition is subjected to high 
parboiling which is generally practiced m the rural areas of n la. 

Lservation of a large percentage of this vitamin m 

polished aftenvards. Washing and cooking for the preparation of the diet de.tro> 
about 50% of this vitamin. 

The purpose of the present invcsligalion is to slud.v 
prepared from parboiled home-pound and rare highly pohshed nee d.e.s ean sat. lr 

the minimum requirement of vitamin Bi for norma a 

ExPERurexT.^L 

On the basis of the obscn,^ation 3 £cl''of lactic and pvnivic 

that vitamin B, deficiency produces mark.. . Fanerjoe 

acids and other bisulphite binding substances ( . >• • technique for assessing 

and Harris (5) and Harper and Denel (6) as n„ alrenrative 

the state of nutrition bv detenninin-, le ciiubos on rats and human 

to the measurement of vitamin Jsi- , f r B S in urine was pn'porlional >o 
subjects it has been shown that the love o technique of Baiu-rjiv ami 

the extent of deficiency' of vitamin 1 .• „ 

Harris has been adopted in the t^vo vani ties of rice is sIu-au m 

The composition of the d'cds prepa i K.R.U. were fed on th. p irb T.-i 

table 1 . At first the subjects (.-C-N-. • 
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home-pound rice diet for a period of thirty-six days. Collection of 

on the last thirteen days of the experiment and their total bisulph g 

substance (B.B.S.) expressed in pynivic acid was measured by t ® ^ 

Clift and Cook (7). After completion of the above experimen wi p 

home-pound rice diet, the subjects G.C.N. and G.C.D. were then given J 

milled rice diet for the same period as the previous experiment, co ec 10 
being made in this case on the last nine days of the experiment. mce . • 
suddenly left the laboratory, urinaiy B.B.S. study with this ^ diet co 
performed on him. 


TART.F. I 


Composition of the diets 


Name of the foodstuffs. 

Parboiled home pound 
rice diet (g.) 

Raw highly milled 
rice diet (g.) 

Parboiled home-pound rice 

550 

X 

Raw highly milled rice 

X 

550 

Pulse 

50 

50 

Fish 

70 

70 

Potato 

TOO 

100 

Brinjal 

50 

50 

Green plantain 

50 

50 

Mustard Oil 

30 

3'3 

Total calories 

2650 

2650 ^ 

**Vitamin Bi content of the prepared diet 0.72 to 0.78 mg. 

0.32 to 0.36 


** The loss duo to washing and cooking was taken into account. 


Fig. I 





Results and Discussion 

1 lu- rcsulls of thv‘ experiment are presnted in table 11 and Fig. I 
it is observed that the B.B.S. c.xcretion of urine of the three subjets C. '■ ^ 
il.B.D. and K.R.(j. on perlioiled home-pound rice diet ranged from T07 “4/ ” 

and the average v.'diies of the three subjects were found to be 149, ihS and if’d 
r‘ sjH'Ctively with the mean value of 165 mg. 'Flie corresponding value on ra 
:ii::hly polished rice diet varied from 3OS to 5^4 mg. and the average cxcrctieu- 
prod'.icefl by the subjects and H.P.U. on this diet were found to be .t*B 

■ 1 me. rr.-p’'Ctively '.vitli the mean value of 467 mg. ♦ 




Showing the Bisulphite Binding Substances (,B.B.S.) Up urine on parboiled home- 
pound and raw highly milled rice diets. 

B.B.S. expressed in mg. of pyruvic acid. 


VITAMIN} Bi LEVEL OF DIFFERENT KICE DIETS 


137 


c 

I 

04 

X 

W 


p 


<u 

E 

u 

.q 


MH 

0 


in 

VO 


VO 


0 






ci 






a 






s 

O' 

00 

0 


vO 


. 

H 

VO 

H 

00 

M 


CO 


H 

fO 

It 

CO 

Cv 

ft 

m 

It 

H 

"VJ* 

CO 

in 

•X-ep 

•n* 

M 

M 

00 

It 

N 

cn 

M 

CO 

N 

tn 

N 

00 

TT 

•X-ep 

N 

00 

M 

N 

Ti- 

lt 

N 

0 

W 

tn 

•vj* 

N 

tn 

•X-Bp piFF 

N 

VO 

It 

vn 

VO 

H 

vO 

M 

00 

VO 

cn 

m 

VO 

X-ep puzF 

cn 

ro 

1-1 

N 

M 

It 

CO 

CO 

M 

tn 

Ct 

CO 

Cv 

m 

•Xbp qsiF 

00 

M 

rr 

co 

H 

Cv 

Ov 

H 

CN 

H 

N 

tn 

•Xbp ipoF 

vn 

H 

Ov 

in 

M 

0 

VO 

CO 

Cv 

PO 

PO 

•Xbp ip6e 

N 

vO 

It 

-f 

M 

rf 

M 

N 

N 

M 

»n 

M 

£ 

•Xbp 

0 

n 

M 

N 

M 

-rf 

CO 

M 

CO 

tn 

vd 

«n 

•Xbp 

M 

r- 

•H 

c 5 

0 

vO 



•Xbp 

r>. 

0 

M 

ri 

PO 

0 



•Xbp 

vO 

*t 

M 

CO 

M 

w 

M 

M 



•*-» 

U 

d 

d 

P 


P 

S' 


P 

d 

C4 

0 

in 

d 


t^t 

d 

>— 


CJ 






E 

0 

c 

'•3 


E 

tj 

c 

0 . 


0 

u 


S 


E t; 


s 


Cf 

4. 

•§••5 

1 ^ 



S 

u 

'C 

o« 

X 

i 

I w 

C 


rj 






tt. N. Dfi 


138 

The B.B.S. values recorded in the present investigation corroborate vith 
those of Banerjee and Harris [loc at) who found higher B.B.S. values ranging 
from 470 to 670 mg. in urine of patients fed on beri-beri producing diet compose 
of highly polished rice. Harper [loc cif) and Waino (8) in their study of deficiency 
and requirement of thiamine in rats, obser\md similar increase in pyruvate excretion 
in urine on vitamin deficienc5^ 

Table I shows that the difference in the two diets lies in the varieties of rice 
used which, however, produced considerable variation in the vitamin Bi conlefl 
Of the diets. Since all other items and the total calorie supply of the two ics 
remained unaltered, it may be interpreted that the average difference of a on 
300 mg. of B.B.S. excretion on the two rice diets is due to difference in t eir 
vitamin B, contents. 


Test for Determining the Vitamin Bi Adequacy of the Rice Diets 
TO Supply the jMinimum Requirement of Human Adult 

It 4 s observed from table I that the vitamin Bi contents of parooUed 
pound rice diet and the raw highly milled rice diet varied from 0.72 to 0.7 
and from 0.32 to 0.36 mg. respectivelyc It was therefore, thought necessarj 
determine whether the above quantities of vitamin Bi of the two rice diets cou 
satisfy the minimum requirement for normal adult. To evaluate tliis the following 
load test was adopted. 

After a preliminary period of 4 w'eeks on parboiled home-pound rice diet ^ 
urine of the subject G.C.N. was collected from the 19th to 21st days of the expcu^ 
ment and their B.B.S. were measured. This was followed by the daily supple®®^^ 
of 6 mg. of vitamin Bi (Aneurin) along vuth the diet for six days — ^the 
collection on this vitamin supplement being made on the last three days- 
same experiment was conducted also with the raw highl)'^ polished rice diet. 


Supplement. 


TABLE III 

Showing the effect of administration of extra Vitamin Bi along 
the two rice diets on the urinary excretion of B.B.S. 
Experimental Subject — G.C.N. 

Days qI experiment. Urinarj’- B.B.S. in mg- 


Raw highly polished 
rice diet. 


Nil 


29th 

30th 

31st 


699.4 

559-3 

656.4 


Average 


637.S 


Parboiled 
pound rice die 

173-7 
202-6 
195-3 

iS9-5 


6 mg. Vitamin B, 
(•■Nneiirin) per day 


j2r.d 

33id 

3-1 th 

35ih 

36th 

37th 


A\ '-ra"e of th*' la<t three dav*; 


515-i 

450.0 

150.0 

TOO. 2 

163.2 

22S.4 

163 9 



tS3 
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It will be noted from table III and Fig. II that tlie administration of 6 mg. 
vitamin Bi along with the parboiled home-pound rice diet did not produce any 
change in the B.B.S. excretion of the subject — the mean values before and after 
the vitamin supplement being 189.5 mg. and 183.0 mg. respectivety. But most 
promising effect was observed when the above vitamin supplement was given along 
with the raw highly polished rice diet. In this case the average B.B.S. value 
dropped from 637.8 to 163.9 nig. 


Fig. II 


U 

M. 

w 

b 

in 

o 

X 

o 

M 

o* 

3 


3 

CTQ 

3 


300 


200 


ICO 



P<- 


B.B.S. on raw highly 
polished rice diet. 

B.B.S. on raw highly 
polished rice diet and 
6 mgm. vitamin B,. 

B.B.S. on parboiled home 
pound rice diet. 

B.B.S. on parboiled home 
pound rice diet and 
6 mgm. vitamin B,. 


I 


Aver, of 
3 days 


Aver, of 
3 days 


"j r 

Aver, of Aver, of 
3 days 3 days 


Since the B.B.S. excretion of human subject fed on highly polished rice diet 
suddenly dropped whereas that on parboiled rice diet remained unaltered after 
administration of extra vitamin Bi to both the diets, it may be inferred lliat the 
vitamin Bi content of the parboiled home-pound rice diet ranging from o./2 to 
0.78 mg. is sufficient to supply the adult requirement whereas that of the raw 
highly polished rice diet ranging from 0.32 to 0.36 mg. is below the requirement 
for carrying out the normal metabolic activities in the body. 

Holt (9) in his review on 'Thiamine requirement of man” indicated tliat 
the average intake between 0.24 to 0.44 mg. per 1000 calories appeare to 
protective against thiamine deficiency. On tlie basis of this ca cu ation le 
rice diets used in the present investigation with calorie yields o _ 55O’ ’ * 

contain at least 0.63 mg. of thiamine for protection against deficiencj. . > ' 
ct al (10) in his review on “The rice problems of India” have shown tha N-pic. 
parboiled rice diet as consumed in India, with caloric yiel s ran..,ing . .. 

to 3000 contain 660 to 900 micrograms of vitamin B.-thc 9^nt. y ^i.ch s 
required to prevent beri-beri. It is evident from table I that 'i a ' 
the parboiled home-pound rice diet is above whereas t lat 

fiighly polished rice diet is below the minimum limit of o. 13 mg. <.vihntv<l 

by boti Holt and Avkrovd and the adult requirement of tins - -n 
in the present investigation by study of the unnaty B.B.S. e.vcrct.on . ^ 
with this recommendation. 
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Since the B.B.S. excretion o£ human subjeds ^^Tniirativc 

values above the limit ot 300 

will on the contrary indicate deficiency. 


Summary 

(i) The daily urinary excretion of the bisulphite binding 
of normal adult fed on parboiled home-pound rice diet ranged r / 
whereas that on raw highly polished rice diet from 368 to 699 mf,- 

(i) By load test it has been found that ingestion of 6 mg. of 
with the highly polished diet brought down the average value ^ 

637.8 to 272 7 mg. Mo such change was observed in the case of h^me p 
diet. By this test it may be inferred that the range o 0.72 ° content of 

supplied by the parboiled home-pound rice diet is above wh minimum 

0.32 to 0.36 mg. supplied by the raw highly polished nee diet is below the m 

limit for protection against deficiency. 

(3) The daily B.B.S. excretion of normal adult above 300 
deficiency of vitamin B, whereas the value below^ this limit wi 
dietary conditions satisfying the requirement of this vitamin tor 
adult. 
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(Rccoivrf for poblicotioo. A»EO« ■■>• ■«*> 

acid in Plant Kinp:dr<m and 
In view of the wdespread occurrence ‘ methods have been developed 
its rapid deterioration during storage, wun active concentrates or creslalHnc 
for its isolation from plant sources ci ‘ ^ j nicthod for if^ isolntu-n trom 
product. Svirbely and Szent-Gyorg. d) dc^iop 
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Hungarian Paprica (Capsicum annum), which involved the precipitation of he 
vitamin as lead salt, removal of lead by using a mineral acid, cxtrac ion of the 
vitamin by organic solvents and subsequent concentration at reduced pressure. 
This piocedure was later modified by Banga and Szent-Gyorgi (2) for the preparation 

on a large scale. 

Many investigators, notably Zilva (3!, Bessenoff (4I and King et al (5, 6) 
succeeded in obtaining very active concentrates of ascorbic acid starting rom 
lemon juice. Later. Waugh and King (7) were able to obtain crystalline ascorDic 
acid from lemon juice. Starting with an aqueous concentrate of Dogrose 
Schmidt and Tulchinskaya (8) prepared crystalline ascorbic acid by alternate ex rac 
tion with alcohol and ether or acetone and concentration in vacuo. 
and Takeshi Kara (9) observed that magnesium oxide forms a compoun w 
ascorbic acid, while preparing active concentrates from Pineapple juice. 


An extensive literature iio, ii) exists indicating the Indian 
{Phyllanthus emblica) as one of the richest sources of ascorbic acid among n la^ 
foodstuffs. Its ascorbic acid content is 2. 0-2. 5 g. in 100 g. of the dried and see re 
material. While the vitamin is very well protected in the fmit, it rapi y 
deteriorates during drying and storage at the ordinary temperature. esi 
ascorbic acid, the gooseberry contains a large percentage of tannins, muci ag • 
resinous matter etc. It was thought desirable, therefore, to isolate ascorbic aci 
free from most of these interfering substances which may contribute to its ^ , 
tion during storage. The adsorption technique using magnesium oxide deve ope 
by Sastri and Shivaramakrishnan (12) has been further investigated and the resu 
are presented in this paper. 


Experimental 


Preparation of Material. 

Mature berries are collected and dried in the sun as quickly as possible 
four days). The seeds are then removed using wooden hammer, the see 
material well powdered and stored in airtight containers in the ice room, 
be stored thus for short periods without loss of vitamin. 

1)G 

During drying in the sun some loss of ascorbic acid occurs and it can 
reduced to a minimum if the drying is carried out in the shade. 


Extraction of Ascorbic acid. 

By trial it has been found that ascorbic acid is quantitatively extracted 
the powder by shaking with aldehyde-free alcohol for two hours, the solid hq 
ratio being 1:10. Along with ascorbic acid a good percentage of tannins 
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tesinous matter are also extracted. This alcoholic extract keeps without loss of 
ascorbic acid for long periods when stored in the ice room. This extract is used 
for the succeeding experiments. 


Estimation of ascorbic acid. 

Ascorbic acid is estimated by titrating the test solution in trichloracetic acid 
medium with 2,6 dichlorophenol indophenol reagent standardised according to the 
method of Meneker and Guerrant (13). A careful check is maintained on the 
strength of the dye solution. Glass-distilled water is employed throughout the 
work. 


Adsorption. 

With a view to select a suitable adsorbent for ascorbic acid in alcoholic medium 
the following experiment is undertaken using a number of common adsorbents. 


10 cc. of alcoholic extract containing 20 mg. of ascorbic acid are shaken with 
0.5 mg. of adsorbent for about three minutes in a centrifuge tu ^ 

is then centrifuged and the vitamin content of the supematent es ima e ^ ’ 
an aliquot with standard dye solution. The quantity of ascor ic acic a 
calculated by difference. 

It is found that while light magnesium oxide is a very 
ascorbic acid, substances like sine oxide, calcum hydrox.de, 
ciarite, litharge, starch etc. are relatively poor. When hght 
previously heated for a few hours at 700’C. its adso^Uve 
remarkable extent and the adsorption becomes a m^ qua 
magnesium oxide is therefore selected as the best adsorbent for ascorbic acid. 


Influence of pH on Adsorption. 

_ The of 5 cc. of the alcoholic extract 
acid and the volume of the liquid made up o i • eouilibriiim, the pH is 

mixing and allowing sufficient time for the system o^ is added, 

measured using the glass electrode. T -5 unadsorbed is estimated 

shaken thoroughly and centrifuged. Th - experiment is repeated at 

and hence the amount adsorbed is calculated. carbonate, 

different using var^dng quantities of oxalic acid and sodium 

That the adsorption of ascorbic acid is greatly evpi riment 

other substances in the alcoholic extract solution in alcohol. The 

in exactly the same manner using standart 
ro^^nUs are tabulated in Tables I and II- 
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It is dear from the above results that while the optimum /iH in the cast- 
pure ascorbic acid solution lies near *}.6, that for alcoholic extract is 2 .S- 3 - 0 - 

Optimum quantity of the adsorbent. 

For economic working it becomes absolutely necessary to detenmne 
minimum quantity of adsorbent required to achieve the maximum adsoq^tion. 
is evident from Table II, in which is shown the change in the adsorption 
varying quantities of magnesium oxide, that 10 g. of adsorbent for 100 cc. 0 
alcoholic extract gives the maximum adsorption. 


TABLE II 

Influence of quantity of MgO on adsorption of Ascorbic acid. 


10 cc. of alcoholic extract containing 24.7 mg. of ascorbic acid arc used. 


Wt. of MgO used 

Adsorption % 


0.2 

9.S 


0.5 

55-2 


0-75 

77-9 


I.O 

9^.8 
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hifluevce of Temperature on Adsorption. 

It is observed that there is considerable destruction of ascorbic acid when 
adsorption is carried out at room temperature, as judged from the recovery of the 
^'itamin after elution. Owing to the basic nature of the magnesium oxide and 
the presence of other interfering substances in the medium ascorbic acid undergoes 
rapid oxidation during adsorption. This process of oxidation is reduced to a 
minimum when the adsorption is carried out at o°C, the alcoholic extract being 
cooled in ice before the addition of the adsorbent. {Vide Table III). 


TABLE III 

Influence of Temperahire on adsorption. 


(The results are averages of at least five determinations in each set.) 




Elusion % 

Destruction % 

Temperature of 
Adsorption 

CO, and Water 

H,S and Water 

Before reduction 

After reduction 



Muth H.S 

witli H„S 


o“C 

o'C 

31 

70 — 

70.2 

39 

29.8 

Room temperature 



(25°C) 

(i) 

(ii) 

29 

Nit — 

— 51 

71 

49 


Elution. 


To 150 cc. of alcoholic extract in a round 
ice arc added 15 g'. of magnesium oxide with stirrin. 

- _ ji *1^ - fr*!’ 'npm'lv tlllj 


bottom flask cooled in 

ice arc added 15 g". of magnesium oxide witii surnug. The flask 
in the ice-batli with occasional shaking for nearly tlnrty mmu e . • 

then centrifuged, tlie adsorbate suspended in sufficient volume of '""ter ^d dution 

under different conditions of temperature and time are ne . oiion'ot used 

eluate is filtered or centrifuged, made up to a known volume an q 

for the estimation of ascorbic acid. 

It is obsers'cd that dehydroascorbic acid “ ^ 

and tile inevereible oxidation of dehydroascorbic aci carbon dioxide 

the temperature and time of hcaUng. Elution is Pf'f °,.,.d 

but due to the formation of dehydroascorbic acd, “ f“xi^ of 

to be most suitable. The results obtained further f ,, ,i„,e 

ascorbic acid to dehydroascorbic acid in contact w 1 rapidlv 

affected by temperatL ; but the irreversible carried out 

at higher temperatures is considerably reduced alien 1 1 ■ . I 
at oX. 
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Method 

Thus having standardised the various conditions for adsorption and eluhon, 
the folloiving simple procedure has been evolved for the preparation of ascorbic 
acid concentrate. 

The gooseberry powder is extracted with aldehyde-free alcohol by f , 

two hours. The clear extract obtained is cooled in ice and light magnesiu 
added with vigorous stirring to make a final concentration udtli 

flask is tightly stoppered and kept in the ice bath for neary 1 y fixture 
occasional shaking to maintain the magnesium oxide in suspension, 
is centrifuged. The adsorbate is transferred quickly to a flask, suspende 
dent volume of water saturated with hydrogen sulphide and 
repeated and the eluates are mixed, saturated with hydrogen sulphide an ^ 
night. A small quantity of oxalic acid is added and the precipita e 
off. The clear liquid is concentrated to a small volume under reduce p 
25°C. The concentrate is filtered to remove any precipitate forme . 
light reddish-yellow liquid thus obtained is stored in amber coloured bo es. 

Experiments conducted using large quantities of the extract according to th 
above procedure give uniform yield as shown in Table IV. 

TABLE IV 


Volume of 
Extract 
(cc.) 

Ascorbic acid 
before treatment 
(mg.) 

Ascorbic acid in 
the concentrate 

(mg.) 

Yield 

% 

500 

1000 

2000 

3000 

1200 

2400 

4780 

7050 

804 

1600 

3060 

4450 

67.0 
66.7 

64 .0 

63.0 


The concentrate obtained is entirely free from tannins and most of the resino 
and mucilaginous substances. It has an agreeable taste. 

The loss of vitamin is negligible at room temperature when the concentrate 
preserved with sugar and stored in amber coloured bottles. 

Cr\’ 5 tals of ascorbic acid arc obtained from the concentrate by extraction 
mi.xturcs of methanol, acetone and anhydrous ether. 

Discussion 

The preparation of ascorbic acid from the press juice of Indian gooseberne 
according to the method outlined by Svirbely and Szent-gyorgi (i) rcsult-s tina 
in .a sticky mass. There is also considerable loss of vitamin during each prccipi 
lion with le.id acetate ; further the tannins, mucilages and resinous sub-Stancc-i . 


no 


it !■; toufu 
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---- With the alcoholic extract which excludc.s 
1 that tlKujgh ali'mt fiolo of the tannins could be removed avoi(b'’e 
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the resulting liquid on concentration gives a deeply coloured concentrate having a 
characteristic taste. Crystallisation of ascorbic acid from this concentrate is found 
to be very difficult. In the adsorption method developed these disadvantages are 
overcome. Further it has the follovdng advantages; — (i) it is- ver}?^ simple and 
does not involve costly chemicals ; (2) the yield is on the order of 65% ; (3) the 
tannins responsible for the astringent taste are completely removed ; {4) otlier 
resinous substances and most of the colouring matter are also removed ; (5) the 
concentrate obtained is palatable and the crystallisation easy ; and (6) the adsorbent 
once used can be recovered by calcining at high temperature and used again. 

In the alcoholic medium, magnesium oxide serves as a good adsorbent as it 
is almost insoluble in alcohol. As the of the alcoholic extract is in the vicinit}' 
of the optimum for adsorption it can be used without further treatment. 

When carbondioxide is used during elution, it is found that 30% of the vitamin 
occurs' in the reduced state and an additional yield of 40% can be recovered by 
further treatment with hydrogen sulphide. This double treatment can be avoided 
by the use of hydrogen sulphide when the total yield of 70% is obtained directly 
as ascorbic acid. With the increase in temperature, the rate of irreversible oxidation 
of ascorbic acid is enhanced making it absolutely essential to keep the temperature 
of the medium at o°C during adsorption. 

The results given in Table IV indicate the possibility of this method being 
used for the preparation of ascorbic acid on a large scale. W’ith the aid of proper 
equipment for adsorption and concentration in vacuo, concentrates of any desired 
potency can be obtained. 

Summary 

Experiments with alcoholic extract of the Indian gooseberries showed that cal- 
cined magnesium oxide serves as an excellent adsorbent for ascorbic acid. 

The influence of of the medium, quantit}' of adsorbent, temperature and 
methods of elution have been studied. While it is possible to use either carbon 
dioxide or hydrogen sulphide for elution, the latter is to be preferred as about 
40% of vitamin c.xists as deh3ffiroascorbic acid in the cluatc. 

A simple and economical method has been evolved for the preparation of 
ascorbic acid from the Indian gooseberrj'. The concentrate obtained is free from 
tannins and most of the resinous and colouring matter and can be preserved with 
sugar. 

The advantages of this method and its possible application for large scale 
preparation of ascorbic acid arc discussed. 

The author is indebted to Mr. B. N. Sastri and Dr. Y.V.S. Rau for tlicir 
helpful suggestions and Prof. V. Subrahmanian for his keen interest and (’nconrage- 
ment throughout the course of the investigation. His thanks are also due to tin- 
Madras Government for the grant of a scholarship. 
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that ascorbic acid is in some way related with the secretion of msulin in the 
pancreas. 

Nicotinic acid has also been reported to have some effect on 
metabolism. It has been observed by Gobell (2) that intravenou ) 
nicotinamide in children produces a regular fall in the blood =“8“ ^ ® ^ 

action of nicotinic acid has also been reported in 

and Delbarre (3), Poumean-Delille and Fabiani (4) an eu _ - 

has observed that nicotinic acid improves sugar tolemnce and re 
requirement of diabetic patients. In non-diabebc subjects, ^Po^s ^ “ 

intravenous injection of nicotinic acid produces blood sugar level as 4 J 

per too cc. which led to long lasting rigor. It has been suggested hat mco 
Lid may be concerned in some way with factors which activate insuli • 
glyciemic effect of intravenous injection of large doses of nicotinic 
been reported by Clerks and Rosenfeld (6). 

A study of the relation between these two vitamins and the urinary 
of sugar of rats made diabetic by injection of alloxan therefore would be 

It has been shown by Musulin et al {^) that rats fed chloretone 

amount of ascorbic acid in the urine. Chloretone fed c ij.-ection 

amount of ascorbic acid. It was therefore interesting to study the effect 3 
of alloxan on the urinary excretion of ascorbic acid and sugar in 
fed rats. 


Experimental 


(a) Effect of ascorbic acid and nicotinic acid on the urinary excretion of si.ga^ 
in alloxan diabetic rats: Healthy young rats of weight varying between 
100 g. maintained on milk and whole wheat ration, were given intra p ^ 
injection of a 2 p.c. solution of alloxan (lOO mg. per kilo). From the 2n 
of the experiment, the rats began to excrete sugar in the urine. Each 
alloxan injection was placed in a metabolism cage and the urine was co 
over I cc. of glacial acetic acid. The rats were divided into two groups.^ 
of the groups received from the second day an intraperitoneal injection o 
ascorbic acid dissolved in i cc. of water. The second group of rats 
similarly a daily dose of to mg. of nicotinic acid dissolved in l cc. 

24 hours urine was collected and 24 hours urinary excretion of sugar was cs _ 
with Benedict’s quantitative reagent. In order to sec the effect of the 
in severe diabetes, some of the rats mentioned in the tables were given a 
injection of alloxan. Results are given in Tables I and II. 


tb) Effect of inicction of alloxan on the urinary excretion of ascor 
ar.d '.ue;ar hv chloretone fed rats: Each rat was fed a daily dose o *- 
rhlori'.one dis-olvcd in 0.1 cc. of olive oil. When the rats began to excrete 
r-rnor.ut of roforbic acid in the urine (third to fifth day after they were fed ch f ^ 
* hIi rat t;iv* n an inlmpi’ritoncal injection of alloxan (100 me 


pel 


ascorbic and nicotinic acids on alloxan diabetic rats 


I 5 I 


s:. ="S'. 

Cable III. 

Another group of rats rvhiclr serve - — — e« 

alloxan. Urinary excretion of sugar of these rats are giv 


table I 

The effect of aecorbic odd on the urimry excretion of sngnr 
by alloxan diabetic rats. 



table II 


•j fhr urinarv excretion of stiver 
The effect of nicotinic acid J 

by alloxan diabetic rais. 

. . i- „ nf alloxan (100 mg. 
Each of the rats received a sinele “‘esperitones'^^jee » 

■“ to" of rr: Ut^^day^^^ 

h 7 th Sth 

,V tlJ"' - 


Ko. of 
rats. 




2^ hours 

1st 

day 

2nd 

day 

3rd 

day 

4 th 
day 

5 t'^ 

day 

9 - 

0 

49 

26 

20 

15 

10. 

0 

75 

3S 

=3 

= 1 

n. 

0 

51 

38 

21 

21 

12. 

0 

cS 

3 ^ 

26 

s-l 


0 

10 

20 

jO 

59 

M- 

0 

43 

-1" 

3 ' 

51 
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15 

-15 

no 

330 


-150 

7 . 5 S 

6 :S 


:o 

12 

23 

A 37 

7 tM 

oiO 


3 > 

7 M 

I't-'.atl 

Pf.nl 


It 

:f> 

III 
P All 


3 ! 

l.X 


- 


152 


D. P. SEN, N 


C: GHOSH AND S. BANERJEE 




ASCOKBIC AND NICOTINIC ACIDS ON ALLOXAN DIABETIC KATS 
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TABLE IV 

Tweniy-jour hours' urinary excretion of sugar expressed 
in mg. by alloxan diabetic rats. 


(Each of the rats received a intraperitoneal injection of alloxan on the 0 day. 
The rats no. 21 and 22 received a second injection of alloxan on the fifth day 
and rats no. 23, 24 and 25 on the 9th day of the experiment). 


No. of 
rats 




Day after injection of alloxan. 




0 

I 

2 

3 

4 

5 

6 

7 

S 

9 

10 

21 

0 

45 

40 

32 

22 

28 

133 

682 

892 

Dead 


22 

0 

28 

49 

26 

22 

20 

25S 

742 

Dead 



23 

0 

44 

33 

30 

13 

13 

57 

— 

— 

4 3 

333 

24 

0 

22 

19 

iS 

38 

23 

— 

42 

— 

18 

Sej 

25 

0 

32 

— 

42 

24 

24 

31 

24 

26 

— 

g6 


Discussion 


It could be seen from Table I, that urinaty excretion of sugar in alloxan 
diabetic rats is not lowered by the injection of ascorbic acid. Banerjee (8) \Yorking 
vith monkeys reported that injection of alloxan damages the / 3 -cells of pancreas 
which are responsible for the secretion of insulin. It has also been reported by 
Banerjee and Ghosh (i) that in guinea pigs, ascorbic acid and synthesis of insulin 
in the body bears some specific relation and diminished insulin content of tlic 
pancreas of scorbutic guinea pigs is not merely due to the lowered vitalitj' of the 
tissues of the scorbutic animals. It is unnatural therefore to expect that s^mthesis 
of insulin could be restored bv tlie injection of ascorbic acid once the / 3 -ccIls of 
pancreas responsible for secretion of insulin has been damaged by the injection of 
allo.xan. The present work, thus is in no way contradiction to the findings of 
Banerjee and Ghosh (i). Furthermore investigations of Banerjee ct al were earned 
out on guinea pigs which fail to synthesise ascorbic acid in the body N\hilc the 
present work deals with rats which, possess the peculiar property of s\'nthcsising 
ascorbic acid in the body. 


Nicotinic acid also seems to have no effect in lowering the urinar>- excretion 
of sugar by alloxan-diabetic rats. It is difficult to explain why nicotinic acid 
failed to have anj^' response in diabetic rats, though it has been oj-erve 
and Rosenfeld (6) that injection of nicotinic acid into rats produced hypoglxT.xmia. 
Findings of other authors (2, 3, 4, 5) oan be c.xplaincd b> s.niiL, 1 lat • 
obtained while working with human subjects arc not in all instancv> upio. iki 1. 
in rats which are the experimental animals in our present investigation 


From the Table III, it could be seen that injection of alloNan into 
fed rats c.xcreting increased amount of ascorbic acid prodiut. dia >. t ^ 
of ascorbic acid in the urine of chlorctonc fed rats is aBo not atue. 
development of diabetes. 


chlon t<»in’ 
Even ii'iii 
t-d In' tin 
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Summary 


1. The effect of injection of 5° l^corbl' "add dlfnot 

by injection of alloxan (lOO mg. per death from diabetes, 

lower the nrinary excretion of sngar nor did it prevent 

2. Intraperitoneal injection of lo mg. of excretion of 

by injection of alloxan failed to bring about “" 5 ' injection 

sugar. Deaths from alloxan diabetes could not be prevented by g 

of nicotinic acid. 

3. Effect of injection of alloxan on fed rats 

amounts of ascorbic acid in the unne w^s s u le . g^gar. Development 

developed diabetes as manifested by the urinary excre ^ent lowering of 

of diabetes in chloretone fed rats tailed to bring about any perma 

urinary excretion of ascorbic acid. 

4. Both ascorbic acid and nicotinic acid cannot ”°Kosynthcsis 

hydmte metabolism in rats made diabetic of alloxan. 

oI ascorbic acid in chloretone fed rats is not ,0 be related 

Biosynthesis of ascorbic acid in chloretone fed rats does no 
with the secretion of insulin from the pancreas. 
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and diaUyl polysulphide to be ^ as*^X?r°wul ifdaimed to 

isolated from garlic an antibactenal substance, named ’ ' '3,3 to be by 

be not so volatile and unstable as the Phytonci ^ Venkatraman 

workers like Tokin, Filatova and Toroptsev (i, ^ao f ao that of 

(81 have also isolated allicin from garlic following a inethod dittere 
Svallito e« ( 6 ), but more or less confirming their “"ns, Atom 

ing to Cavallito, is a colourless oily liquid, 2.5 /0 solub alkalies Allicin 

with alcohol, benzene, ether and quickly inactivated ^eat and ^al^ 

has been shown to be active against gram-pos.tive and 8””^ ^ action, 

a dilution of 1 : 125,000 and it exerts a more bacteriostatic than bacteria 

Allicin has been given the structure ally 4 -a-allyl ™th the structure allyl-s-o-s-allyl 

not entirely eliminated, after a thorough^study by Cavallito B^-ty^^tion 
of its molecular weight, alkaline hydrolysates J^ad the anti- 

spectra and polarographic measurements. ^^ric juice and 

bacterial and antifungal properties of allicin, the effect of ^s^^ 

intestinal fluids, effect of blood on allicin and also the effect of al 
enzymes. They also have studied the effect of allicin on M. tuberculosis. 

. Since garlic has been claimed by so many workers to contain 
antibacterial substance, the isolation of the active pnnciple wi P 

to its volatile nature was tried and its antibacterial properties 
Vivo were studied. In the present communication, we have stated J ^ 

minary observations regarding the nature of the substance and 'V°r 

method for isolation of the active substance which has been foun joq^ooo 

against gram-positive and gram-negative organisms at a dilution ^ J- 
and the effect has been found to be more bactericidal than bactenostatic. 


Experimental 

Assuming that the phytoncide in garlic is highly volatile the 
Tokin were verified using the volatile emanations of garlic by adopting the o 

procedure. ibiectccl 

A vacuum dessicator is thoroughly cleansed, washed with ether an s 

to vacmimization for 15 minutes at 20-30 mm. pressure. The dessicator is 
ncctcd to a U-tubc placed in cold water bath and the U-tube to 

vacuum suction through a long narrow iron-tubing. This arrangement is 
slorili'/.e the air going into the dessicator. Then, at the bottom of the dessiCc^ 
minced garlic cloves are placed and on the porcelain disc slides containing < ^ 
living bacterial or protozoal emulsion are placed. The dessicator is closed uu 
lion i' employed. The vapour of garlic fills the dessicator. Suction is 
aft*, r I minut*'. The microbes are e.\po.sed to the fumes for lO minutes anc 
f xaminc*! f*ir the lethal effect by culturing the organisms taken from the s 
lh‘- fXivTiracnt v.a-^ done with the bacterial cells like Staphylococcus 

htnr.olylicus. />, co]i and Bad. Ixphnsuni. The volatile em<in<t 
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iilic v."i-v, found tf* pr*>v»- hthal against Staphylococcus aureus and • 
h:.--»:r !yt:''!r: h'U not against It. roll and Bad. typhosuut. 
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is treated with anhydrous Na 50 , to removt^oVeterfreaLd 

reduced pressure o£ 15-20 mm. Ihe resi obtained The emulsion is 

with a50 cc. of cold water whereby an — "s and other hexane 
treated with 10 cc. of n-hexane to remove the twee tvilh 

soluble substances. The aqueous extract is ® ^ ^ essure (10-15 

50 cc. portions of ether. The ether is again at room 

mm.). The residue is a colourless oily hqui w ic antibacterial substance 

temperature. The oily substance is dissolved in sterile- 

of garlic. The yield is 0.5 — i g- per kg. Th _ solution was 

redistilled water, centrifuged and the bacterial investigation, 

diluted to contain o.i mg./cc. and kept m fngidaire for anti-bactenal 

The test of antibacterial activity was carried out ’’T tltom 

method. The broth used containing i% glucose^^ stetile broth was pipetted 
chloride and meat extract, adjusted to 7 * 5 • i -nn nf test organism 

asceptically into sterile tubes. One loopful of bactenal emulsion 

in normal saline (looo million /cc.) was the inoculum ^entration of 

Phytoncide extract was added to the culture tubes to ’^^^Tcontaining the test 
I in 50,000, I in 100,000 and l m 150,000. A con r 

organism without phytoncide extract was run in each ca . incubation 

Abated for i8 hours at 37°C. The growth wms showing 

period, the end point of inhibition was sharp, the effec i ^ showing 

no growth, the next in the series showing good growth, The con j .one 

no growth was tested for bactericidal or bacteriostatic action by 
loopful of culture solution into sterile 5 cc. glucose peptone parlic phyton* 

Re-inoculation showed no growth showing bactericidal nature o ^ our 

cide. Other workers claimed bacteriostatic nature of the garlic p y ' , 

results indicate bactericidal nature. Table II summarises the resu s o 

TABLE II ' 


Organism studied. 


Concentrations of garlic phytoncide injrr^ 


Staphylococcus aureus 
Streptococcus hcz’uiolyticus 
li. coli 
It. typhosuvi 
r. c Iso! r ro- 
ll. parntyphosuin A 
a. pacatyphosuvs B 
U. (ly.’.eistr rite shiga 
It. dysetstt no pextsir 
It. protru". 



T'nc- active sub-tance is volatile and irritating to the skin and the 0 ^ 
rtnracteri-tir of garlic, h is .soluble in alcohol, ether and chloroform. H 
• Tfinun-'.n oh^f-rvation fluring the process of extraction that the active su 
!',> :i t'.f pr at ro-om temperature in contact with air, solidifies into a rcsinoti. 



ISOLATION AND ANTI-R..--.. 

"'ilhin 2 to 3 daj^s. t properties in garlic 

f s^R«Pn at alJ is po'^ssibi? *jr"h ^ get d’ 

due to some inter mnl ^ barked diminufin ^ in water and 

R in pure form. 

Discussion 


■"5''SS'"r -•“- isr '• — “ “».- 

' ■'* P«seM only fa V Klafova (o| fa", 

"Zf “ “■•:«.:£? ="■ ='.ri= 

ParScaf in t b”e 1'“"°“ 

--- - 2 : 3.™fi Lr; 

present in the air h i Cavallito and Bailev m) ^^oreover, the active 

^“bstances which containing the phvtorciH ^ 

though Cavallito 'and ’ achWty of 

die isolation of th ^ oo-workers have started with the\i \ ^ P^ytoncidc. For, 
soluble substa ^od-bacterial substance thev ha , ®°^oble fraction for 

fr«<i Cfa "fa at a reduced prSC If " 1 """"'^' 

•'“ aWnroforra f , inhibitory substances Rao "/ i 9 ? - ** 

extraction n oluble fraction obtained from tbr i t "’orkcd with 

f •'- - o! Zb "an" "It °-- 

fa u.e have avai JZ a-clt 

di„„i„„ 

'^oj'ifed by ^.""d-dacterial at a ma.ximum dhution ofT fn 

of allicin i ^PP^^rs to be more bactericidal ihan\ Die sub.stance 

‘*"d Kao ei r/'Js) ^^oleriostatic than bactericidal as‘is chimeTbrC 

'Riichanism of i? '^‘'‘''""ot be called ..trictly bactericidal or I, i"' '' 

""■' >'^>MU o T° nn'i-rnanue: if vve are I „ " n “ 

«" tecerr-a.''" <■-■'■■"- -""-led vf,„ so.u,. eZl-d'Z^iZ,';:': 
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Summary 

1. The volatile emanation obtained from' garlic is of lethal effect to staphy- 
lococcus aureus and streptococcus hcemolyticus. 

2. The active substance is present in ether and chloroform extractives. 

3. A method of extraction has been described and the active substance is 
bactericidal at a dilution of i in 100,000 against both gram-positive and 
gram-negative organisms. 

Further work on the protistocidal and fungicidal properties of the garlic phyto- 
cide and also of the therapeutic significance in experimental diseases is in progress. 

Our thanks are due to Dr. B. C. Guha, D.Sc., F.N.I. for helpful suggestions 
and for a grant to the Indian Research Fund 4 ssociation for carrying on this 
investigation. 
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investigation on this class of compounds. , Chance ohsewation even 

efficacy of sulphone against gas gangrene (Evans ) .,J i- and 

SulphLamide derivatives are generally acting through aam<= medmn.m^a^^ 

their different activity in vitro being explained by differences 8 ^ 

to the bacteria (3). A possibility, “ always 

be enhanced by the introduction of a bensene 

(Julius and Salomon, 4)- There are compounds like 

sulphonamide (Marfanil), and p-amino benzene sulphon-( 3 , 5 

amide which act through different mechanisms (Jensen e _ 5 ) 

and Lawrence ( 6 ). It has been noticed (Basu S- Guphi and S 

p-amino methyl sulphone (I) previously studied by Buttle ei al { ), ^ 

Lak acid with a pka value of li.o and exerts a very low m vitro act y 

bacillary dysentery organism (Flexner. \ 1 . It is being 011 j,y;jr„gen 

special advantage over pure sulphanilamide. The substitubon ft Y 6 

Lm of the methyl group by one electrone attracting f 

and Roblin, 9) afforded p-amino phenyl acetonyl sulphone ( ) 

in the acid dissociation constant (Basu et al, 7). Similar y P 

p-amino grouping by p-amino-methyl grouping afforded a ^ (VI) 

Lcteriostatic activity of all these compounds (10) along with (IV^ ^ 

were studied against certain gram-positive and gram-negative orga , 

of the p-amino phenyl sulphone derivatives showed any ^ , J’js the 

sulphone analogue of marfanil, p-amino methyl phenyl methyl sulphon 

only compound that requires further study. 


Nil, Cell, bO. CHj 

( 1 ) 


Nil., CeHj so. CH. COCH, 

(II) 


Nil, Cll. CJl, SO. Cll, 

(III) 

llCl. Nil, Cll, Cell. SO. Cll, COCll, 
(V) 


Nil, Cfll, SO, 011,-011 = 011, 

(IV) 

(Nil, OH, Oell, SO,), Oil, Oil,. 2 IIOI 
(VI) 


Uacti'rioHtatic Activity: —¥or these stock laboratory strains of 1 
ort;arU'Tn- as mentioned in the Table below were cultured for a period 0 
hnur-v in a medium made from papain-digest glucose phosphate meat bro . 
tie fredi tuUures were incubated with the difTcrent products in the same me 
(7 for 72 hour- The 'fable shows the milligram of the drug per 100 c.c- 


,u 


!. uliur* 


mtduun that wa^ n> c« .^sarv for inhibiting the growth of different orgam- 


.m 


a, 


ih* rifudilioh- of th'“- experiim nU- described. 
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TABLE I 


Number of organisms in each case ... 1000 per 5 cc 

Period of Incubation .. ... ... _2 hours 

Figures indicate milligram of the drug per 100 cc. of the medium 


Organisms 




Products. 




I 

II 

III 

rv 

V 

VI 

Marfanil 

B. dysentery- (Shiga) 

— 

20 

0 

TOO* 

TOO* 

TOO* 

100 

Strep, hamo. 

20 

100* 

X 

TOO* 

TOO* 

TOO* 

2 

Stap. aur. 

10 

100* 

2 

TOO* 

TOO* 

TOO* 

10 

Pneumo. I 

20 

TOO* 

I 

TOO* 

TOO* 

TOO* 


B. coll 

— 

TOO* 

50 

TOO* 

TOO* 

TOO* 

TOO 

B. typhosum 


TOO* 

50 

100* 

TOO* 

TOO* 

50 


The figures marked with asterisks showed no bacteriostasis. 


From tlie Table it is etadent tliat these compounds arc not active and there 
IS no appreciable difference in their in viiro activity. The p-amino methyl benzene 
sulphonamide (marfanil) as well as its sulphone analogue (III) is, however, some- 
what active against the gram -positive organisms. If chemo therapeutic activity 
be conceived in terms of interference at some particular stage in the progression 
of metabolic reactions involved in the parasites (Fildes, ii), no relationship 
IS being established between the chemical structure and bacteriostatic activity in 
bus class of sulphones. Various h}’potlieses arc being put forward foi the mode 
of action of sulphonamide drugs but seldom attention is being drawn to other 
similar type of compounds which have also been found to be potent in cases where 
sulphonamide dnigs have failed. To such group belongs marfanil, or, sulphone 
"hose cheraistn,' and mode of action need further investigations. 


Conclusion 


A Studv on fbf> harlr>rinclnfir nrfivitv of CCl'tain SUlollonCS againSt 1 


ow nninlxr 



sulphone, however, point to a systematic stud\' on 
uf compounds so that organic chemists may obtain rr-uh- i<>r nmnkind 

hy more synthetic work in this domain. 
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ASMA copper content of HEAETHV INDIAN ADUI TS 

of Hygiene anJ'pZt ‘]Za!lr' 

Publication. November 20. ro,6i; 

‘r ™‘' '•»™- "av. F,, 

tos(„J ^"JTnation u) of (ho cs«enti.il o.Kiiro of coiioer fc 

. ^^»cl3.svRt„..... . ). aiientpts have bc-c„ ntade dann. the J.wt feu \ v 

tile copper content of blonri • . ‘‘"."-‘.r 




the cJiatiecN of ii„. (-„pp 



SUDHIR CHOWDHURY AND KALYAN BAGCHI 

content of the blood in various conditions if “‘Toppi'' »nLrof 

Hart (2), made a detailed investigation napinia under well controlled 

blof of animals, suffering from nutn iori^ , 

conditions and the conclusions from *<=^0 'U'e 8 , ^„^emia. They 

generally accepted that deficiency of copper e-s^ copper 

found that in pigs suffering from nutoh^i^l an^rmadu 
deficiency, the copper content of blood falls to extremely 

Several investigators have reported that s°PPsf cmrien^ of bto 
in different types of anaemia other than nutritional anaemia 

pregnancy (3). 

in view of these observations, it is of interest to determine the copper content 
of blood of healthy Indian adults. 


Experimfntal 

Sodium diethyl dithiocarbamate has been found to be ^ “tefactory^ 
sensitive reagent for the detenninalion of copper. McFarlanc ( 4 ) „„eoiis 

clured copper complex could be rapidly and quantitatively e^r^^ 
solution by amyl alcohol and that the colour was in^tensified “ by the 

Iron interferes by producing a brown colour, which can p 
addition of sodium pyrophosphate. 

by 

Locke, Main and Rosbash {5) prepared a protein ® ^^ned the 

precipitating the proteins in the cold with tri-chloracetic ^ 

copper content of the filtrate with the carbamate reagent, i-ompsei ^ 
strated that the whole of the scrum copper is present in such a titrate a 
in such a way that it can be determined by carbamate. Using sue P 
he obtained e.xcellent recoveries and the results compared closely wi r that 
by ashing. Yoshikawa, Hahn and Bale (7) using radioactive copper, 
nearly all of the copper in plasma is bound in some manner 
about two-third is split off with tri-chloracetic acid in the cold. Car 
and Wintrobe (S), have shown that three warm extractions of the tri-c 
acid precipitate removes about 07% copper. In their opinion, 
not only gives excellent recoveries of added materials but offers resu s y 
eonsistc'ntly reproducible ± 10%. In the present investigation, tins t 

b' cn followed but the golden 3'cllow colour developed with the carbama e . 
ha- b'M'ii f xiracted with amyl alcohol for matching in Evelyn Photoe ec nc 
imtor. ndn'.; Filter No. 440. In the method proposed by Cartwnght c 
thf rnV>ured a<]neou> solutions were read directly in the Photoelectric 0^0^ triei' 


with. I’tt t .\trarting the colour with amyl alcohol. Iliis procedure was amVl 

■U a-- th'- rniourt d bolmion was rather hazy, it was decided to extract y* ^ ^ 




a 


in which tlu- colour was intensified. Glass distilled water "art 


tl.r ‘ teb >u'. th- invi -ititiation. 
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f 1 na of healthy adults males and 10 healthy female 
copper content of in Table I 

have been estimated. The resuns a p 

table 1 






Discussion ^ ^ 

\,{ for feniaU? ‘ 

The average for males is '^•^^;•■‘Jy’{enlalcs correspond du- tl 

t. This higher average value preseni mee-'i ^ 5 in l.ib'- H. 

CarUvnght ci al (8). . j countne-- haee 

various investigators m d 
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V,a5 by Ihe ayaal bbyrnicyl Iioan' 

results are given in tables I, II and III. 

TABLE I 

The urinary excretion of vitamin C by 

in mg. per 24 hours pe)ioct. 


The results are expressed 


No. of 
rats. 


ist 


2nd 3rd 6th 7th 


Vitamin C values on 
8 th gth loth 


i2tli 13th 14* day. 


1 

2 

3 

4 

5 

6 

7 

8 


0.16 

0.13 

0.97 

0.30 

0.38 

o.ii 

1. 10 


0.10 

O.IO 
1.20 
1. 10 
1.30 

0.34 

1.30 


0.69 

O.IO 

1.50 

1.05 

1.40 

0.30 

1.90 


0.43 

0.10 

0.79 

0.68 

i.oS 

0.20 

1.60 


0.38 

0.10 

1.57 

0.40 

1.50 

0.15 

0.95 


0.98 

0.20 

0.94 

1.80 

0.94 

0.38 

1.80 


0.57 

0.34 

1.60 

1.30 

1.74 

0.87 

0.33 

1. 10 


0.65 

0.29 

1.20 

0.95 

1.67 

0.26 

0.33 

1.60 


0.14 

0.20 

1.40 

0.55 

3.42 

0.76 

0.44 

1.70 


0.83 

0.54 

1.50 

0.57 

3.04 

0.30 

0.38 

2.20 


0.23 

0.47 

I. 70 
0.79 

J. OO 

0.15 

0.21 

2.20 


TABLE II ^t/sOO mg. 

The urinary excretion of vitamin C by rats. are expessei 

1,00 g. bodyweightlday) for a period of two weeks The values T 

-hp.r 9 A hours i>eriod. _ 


iiip. 


No. of 

rats. 

ist 

2nd 

3rd 

6th 

7th 

Vitamin C values on 
8th 9th loth 

I 

0.57 

0.14 

1.90 

3.15 

1.58 

1.97 

1.97 

1.93 

2 

0.16 

O.IO 

0.34 

0.20 

0.15 

0.28 

0.22 

0.17 

3 

0.97 

0.48 

1.30 

0.76 

0.76 

0.63 

0.48 

0.95 


o.3,‘) 

0.25 

0.43 

0.63 

0.57 

0.94 

0.56 

0.42 

5 

O.I 1 

0.29 

0.42 

0.23 

0.20 

0.20 

0.20 

0.20 

6 

- 

1.52 

1 .60 

0,90 

1 .70 

1.77 

— 

1.64 


0.11 

0.51 

0.78 

0.15 

0.20 

0.76 

0.76 

0.66 

8 

— 

0.38 

0.41 

0.30 

0.20 

0.31 

0.29 

0.30 


i3ih 14th day. 


1.85 

0.42 

0.56 

1.05 

0.T3 

1.60 

0.50 


2.00 

0.18 

0.47 

0.40 

0.36 

0.93 

0.14 


TABLE III 

The urinary excretion of vitamin C by rats treated with 
1 100 g. bodyweightlday) for a period of one week. 

in mg. per za hours period. 


cobra venom 

The values are expressi- 


No. of 
rats. 


znd 

jr<l 

4 th 

Vitamin ( 
5 th 

3 values on 
0 th 

ytli dat ■ 

t 

1 ,20 

i.oG 

l.IO 

X .tK) 

0.93 

1.18 

1 .00 

I 00 

t 

3 

0 73 
o/>'^ 

I .f )0 

0 .(KJ 

0,98 

0.70 

O.7G 

0.67 

0.C9 

0.51 

1. 10 

0.61 

0 . 7 ' 

0.27 

•? 

0. ‘ 1 

0 62 

0 50 

0.48 

0.54 

0.71 

0 4 1 


0 25 

0. 23 

0.26 

0.42 

0.66 

0.65 

0.39 

0 

a JO 

0, irj 

0.20 

0.24 

0.40 

0.38 

0 U’ 

"p 

f* to 

<1 

o.i<i 

o.K» 

0.20 

O.IO 

0.20 

0. 

0.20 

0.20 

O.IO 

0.O4 

0 . 2 rt 

O.U’ 


0 TO 

0 10 

0 20 

0 20 

0.20 

0.20 




AcvvTHESIS OF VITMIIN C BY THE HATS I?! 

SHAliE VENOM ON BIOSANTHES 

of vitamin C in different tisses such as ^'‘^'J^ue^waT taken 

The reserve of vitamin venom was determined, tissue ' 

heart o£ the tats, normal or trea e adhering membranes. eig 

from freshly killed ammals, freed in a cc. portion of ao ,, 

amount rvas thoroughly ground " ‘**7 .^ar extract made upto a definite volume 

trichloroacetic acid, and eentrifuged. The 1 to determine 

titrated in the usual manner ";>* Ldardised with knmvn amount 

its vitamin C content. J^e ^ ,he various cases are given in the table . 

of vitamin C. The results as obtained 

table IV 

r„e «„.o„»« of C .V ‘7;’; 

heated ^ Jav/reLed in mg. I'-'-- — 


Source of ratsi 


vitamin C per 



Heart 


1 Normal rats. 


1 

2 

3 

4 

5 

6 

7 

8 

Average 




0.2694 


0.2167 


0.4847 





0.2857 

II Rats treated with 

T 

0.1904 

1/300 mg. 

venom / 

“ 

0.2000 

too g. / da\' 

for two 

3 

0.1S18 

weeks. 


A 

0.14=9 



5 

6 

0.2354 



7 

0.1333 




0.1951* 



Average 




o.i 9 .t 4 


o. 13'M 


0.0S23 


0.0S42 

0.0727 

0.0941 

0.0701 

0.1000 

0.0563 

0.076S 

0.0702 


Hats treated tHHi cobra 
venom (1/150 mg. per 

3 00 g. bod\’\vciglit per 
day) for one week. 


3 

4 
.3 
6 

7 

8 
<1 



0.20; 2 


0.1280 

0.2588 

O.otKVO 

0.0700 

0.1600 

0.2750 

0 . 07 .!'’ 

0.1804 

0.2855 

•' '* 73 '* 

0.1355 

0.2000 

o,26'>0 

o.o'i;'! 

0.2400 

0 r-''"o 

0.2070 

0 3150 

ti 05 O'* 

0.1 660 

0.251"* 

0 

0.200<1 

0.20'X.’ 

0 20 ; 1 

0,2351 

t> ofdv > 

0. 

1' 27:" 



Average 
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Discussion 

The effect o{ cobra venom, so far °ppla^ that thi nrmary 

"“t:::! C reserve in ai«erent ^ssu- 
the different tissues are given below . 


TABLE V 


Percentage of depletion bf vitamin 


Btain 

Kidney 

Livet 

Heatt 

Tissue. 


1/300 mg. per 
100 g. body- 
weight. 

12.22 
10. II 
27.62 
3.00 


1/150 mg. per 
I 00 g. body- 

weight. 

45-04 

16.92 
26.06 

17-56 


Here it is found that of all tissues affected, the 5t tte same extent 

for the higher dose of venom (45.04%). L«er >s " ^ the higher 

in the txvo doses. Kidney and heart are affected to a greate 

Hence it is found that so far as synthesis of ^ to that 

excretion or tissue reserve, the effect of cobra venom injection 

of the narcotics. 


Acknoivledgment 

. . .1- 1 4. T)r- 1 r' Rav M-U-l 

The author wishes to express his sincere thanks to D . J - • * in con- 

Dircctor. Indian Institute for Medical Research, for giving him all ta 

ducting the investigation. He is indebted to Dr. S. C. ^ oy, - ■ 

College of Science, for valuable suggestions in carrying out the vor - 


REFERENCES 


t . 


I...s-.;rNrKF.!t. Kjnt. .\Nn FniCKr. (iOF>b 7 - 155 ; .i 97 

.rNO Oi.ivn; /. Uiochrm.. 36 : 155. 



4mialsof6ioc(ieinB/n/ 

a^hpcrimenfalMeJicilie 

" ’ 4 . July-Sept., 


aid to diagnosis 


(Kocoivoci for piihlu-ation. ^l■^v 


j ■ '.■>• 

^ ^MHc.hc ant.,vn prepared fnun /..A/;,-:,;,;..,; 



HSMPEOVA GHflSH, N. N. GHOSH AND J. C. EAV 


i ?4 

work has been done with a view to 
technique o{ the test and also to verify 
to achieve these, various methods for 
technique of the complement-fixation 

little from that of our previous work 
large number of cases. 


the quality of the antigen jd 
the dependability of this reachon. 

preparation \‘';''Cermrdifie<i a 

reaction in kala-azar 

and the test has been earned out m 5 


Preparation of complement-fixing antigens 

Several recent strains of if 

puncture fluid of k^a-azar When sufficient growth was aval 

able, different methods for preparabon of antigens were 

(I) By shaking method: An emulsion the proportion of 

culture of Leishmania donovani ® rowth without admixture o 

parasites to solvent being i m 50, one gramme g utmost tallied 

L media was added to 49 cc. of distilled water.^ This W 
with 80 million organisms per cubic centunete . ^5 /o ^ ^ sterile glass stop- 

servative. These were kept together with ^7® taken out every 

pered bottle in an incubator at 37 C for 25 . 20 oscillations per 

Ly and shaken for two hours in a fluid was kept 

minute. Finally, the emulsion was centrifuged and ^ P ^^^ner 

in refrigerator as antigen. This antigen that 0.5% pk^nol was 

as the one described in our previous contribu ion P better sterility- 

added to distilled water instead of o.25% _ pkenol. m or er complement- 

As before this antigen was found to be highly potent w 
fixation reaction against anti-kala-azar rabbit s immune seru _ 

a positive fixation was obtained varied from i in 4000 to antigen was 

of the antigen remained unaltered from 10 months to Y • best, 

employed for carrying out the test in routine work as it was found 

Antigen prepared with normal saline according to the same technique was 
to be lc?s potent. 

1 V)V tritur^bt^n 

( 11 ) By trilurafiori method: Different antigens were P^^^ ^ arasik- 

flagellated fonn of Leishmania donovani with sterile fine sand ti a ^ ma<k 

were broken into pieces as seen under the microscope. Extractions wer^ 

v. ilh ilifferent solvents, such as 0.5% phenol in distilled water. 0.5 ,0 t 

lormal edine. ether, alcohol and acetone. The proportion of parasi - 

r-acting fluid was i in 50 in every case. The emulsions were 7 ? ^or a? 

^ . n. *_i_ — : Irnrsf in tbC rCtn^ 


lU 

r 


tractiim fluid Nvas i in 50 m every case, inc emuisiuu. T ..Mrerator a? 

>j>id and the supernatant fluids were pipetted off and kept in tie 


anui'ett 




Weff'- 


,fioI 


stract gave a greenish discolouration when used and the ale 
>- %a-rv weak in antigenic potency and thus tlic\ 


COMPLEMENT-FIXATION EEACTION IN KALA-AZAR jy- 

Autigen prepared Mdth normal saline did not prove as good as that prepared vith 
dishUed M-ater. The distilled water extract containing phenol as pre^erva^ wls 
found to be quite potent giving a complement-fixation titre of i k 2000 to i in 
4000 with immune rabbit’s serum. This antigen took about a month's time to 
mature before it could fix antisera to such high titres. But after a period of 4 to 
0 months the potency began to decline with settling of sediment. This was^he 

ly antigen which could be compared favourably with the antigen prepared from 
distilled water by shaking method. t p irom 


whIrWH avd thawing: Another variety of antigen was tried in 

^^h ch the parasites were ruptured by alternate freezing and thawing in distilled 
va er with 0.5% phenol. Though the antigen showed very good result in its 
po ency, yet it had to be rejected because of the presence of haziness in all the tubes 
containing the antigen during actual test. 


Modifications in the technique of the complement-fixation re.-\ction 

(«) Titration of antigen for its anti-compienientary activity: It was found 
that M'ith freshty prepared antigens, the same results were obtained irrespectix-e of 
the fact M’hether the antigen dilutions used v'ere titrated against i or 2 m.h.d. of com- 
plement, though, I m.h.d. of complement was always used for the actual titration. 
But with aging of antigen, it was found that better results could be obtained when 
anhgen dilutions, titrated against i m.h.d. of complement, were used. So in carr}'- 
mg out the test proper antigen dilution, titrated against i m.h.d. of complement, 
was employed. 


(^) Complement-fixing poxver of the antigen: For determination fixing power 
of the antigen, high titre rabbits’ immume sera, prepared against Lcishmania 
ionovani. were used. Method of preparation of the immune scrum was same as 
mentioned in the previous communication (i). The technique employed to ascer- 
tain the complement-fixing pow’er of antigens was e.xactly similar to that carried 
oot during the test proper. Usually the complement-fixing titre of a potent antigen 
vanes from i in 2000 to i in 6000 or more. 


To ascertain the strength of the antibodies in the immune H'nim. acglutmatiun 
faction was also carried out with flagellate form of Lcishmania donovom vz). 
When agglutinating titre w’as 10,000 or above, the antigen was tested for it- rom- 
plement-fi.xing power with the immune serum. To detect an_\ r.o,,.tio.! m 
potency of the used or old antigen, complement-fi.xation reaction wa> tio.n 
*og intervals with immune serum which kept for fairly long time 




(O Test Proper: The technique of the test proper was tnou u: 
'^vccpi the following alterations: — 
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Remarks 

The value of the complement-fixation reaction in kala-azar with a b]. 
antigen lies in specific and early diagnosis of kala-azar. Since the test is a sp 
antigen-antibody reaction, positiveness of the reaction depends only upc. 
antibody produced during the course of illness. Besides, the test is of val’i 
guidance of treatment as complement-fixing antibody in the blood begins 
appear with the attainment of cure. 
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They brought the precipitate to sotution, prepared their stock solution of x:xooo 

and made the follorvmg important in aUergic patients 

I. That urinary proteose is excreted in b 

particularly during crises. ^ ^ 

That urinary proteose is excreted by normal person but much 

tn their own proteose while normal 

3. That allergic patients are sensiti proteose from other allergic 

persons are not so nor do they show reaction to proteose 

patients. 

4. That proteose therapy produces encouraging resu ts. 

These observations have been scrutinised cases showed 

ate fevicwed below. Conybeatc (5) ® nrotein-sensitive cases exhibited 

high degree of sensitivity to auto-proteose while -p y „ at all. 

lol degree of reactions. Non-allergic subjects active phase of 

and Whitehead (6) noted in their series positive 'positive 

the disease (asthma) and negative reactions J negative in eczema, 

reactions were observed in arthritis and serum . reaction to 

urticaria and ciythema multiformc. Burgess (7) o a normal cases, 

auto-proteose in 69 per cent of allergic patients ‘“''^/^^.^"“"‘aumatoid arthritis, 
while Yeoman c.i al (8) observed 50 per cent positive "factions in protein 

Bnice Pearson (9) in his series recorded high _''‘=8rce o^^posit ^ansitivity. No 

sensitive asthmatics, while non-protein scnsi ive nn=ilivc skin reactions in 

specificity was, however, claimed. Eicnenlaub 60‘ specific 

Le of his skin cases. Freeman (xx), on the “‘"y hand -io^d y 
property of urinary proteose from allergic eases, reactions n his smy b 
min’-specitk and differing in no way from normal cases. ^ ^ aTvan 

I'd ITceinan's observation in his own series of 25 a ergic ca„c . 
l.wuvven (1*0 reported not only negative rc.sponse . ’ to hetcro- 

with Iiegaliye response to aiito-proteose showed drfmile ^™='‘^enosS^^lo 
protcow. Miiicliiii (15) in his scric.s of Icn cases of 'P''epsj c arthritis 

r,'.pon~e. AUlred-Bnnvn and Munro (i6) c.xamined 50 cases of rheu 
.rdi no .-kin reactions. CorTuia (ty) 1-^ suggested the skm ^%,,teose 

initations while Cornbleet and Kaplan (18) to salts and other ^ 

--.lutinn-, Libnian and Kigland (to) did not observe any app 
-o n-itivilv in allertgin patients to auio-protcn.-ce. 
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They brought the precipitate to solution, prepared their stock solution of i:iooo 
and made the following important observations : 

1. That urinary proteose is excreted in much greater amount in allergic patients 
particularly during crises. 

2. That urinary proteose is excreted by normal person but much less in 
quantity. 

3. That allergic patients are sensitive to their own proteose while normal 
persons are not so nor do they show reaction to proteose from other allergic 
patients. 

4. That proteose therapy produces encouraging results. 

These observations have been scrutinised by various workers and their opinions 
afe reviewed below. Conybeare (5) reported that protein-sensitive cases showed 
high degree of sensitivitj^ to auto-proteose while non-protein-sensitive cases exhibited 
low degree of reactions. Non-allergic subjects showed no reaction at all. Darlej' 
and Whitehead (6) noted in their series positive reactions during active phase of 
the disease (asthma) and negative reactions during asymptomatic period. Positive 
reactions were observed in arthritis and serum sickness, while negative in eczema, 
urticaria and erythema multiforme. Burgess (7) obtained positive skin reaction to 
auto-proteose in 69 per cent of allergic patients and 16 per cent of normal cases, 
while Yeoman et al (8) observed 50 per cent positive reactions in rheumatoid artliritis. 
Bruce Pearson (9) in his series recorded high degree of positive reactions in protein 
sensitive asthmatics, while non-protein sensitive cases showed lower sensitivity. No 
specificity was, however, claimed. Eichenlaub (10) got positive skin reactions in 
three of his skin cases. Freeman (ii), on the other hand, denied any specific 
property of urinarj' proteose from allergic cases, reactions in his series being totally 
non-specific and differing in no way from normal cases. Murray ct al (12) support- 
ed hreeman’s observation in his own series of 25 allergic cases. Steel (13) and Van 
Leeuwen (14) reported not only negative response to auto-proteose, but that cases 
with negative response to auto-proteose showed definite sensitiveness to hetero- 
proteose. jMinchin (15) in his series of ten cases of epilepsy could not elicit any 
response. Aldred-Brown and Munro (16) examined 50 cases of rheumatoid arthriti-S 
with no skin reactions. Corniia (17) has suggested the skin reactions due to local 
irritalions while Cornblcet and Kaplan (18) to salts and other irritants in proteose 
solution,-'. Libman and Bigland {19) did not observe an}' appreciable skin- 
scfHitivity in allergic patients to auto-protco.-c. 
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By positive reaction it is meant that a definite blanched wheal^ with erythematous 
zone around it (with or without pseudopodia) would appear within half to one hour. 


Method,-. —Skin of the anterior aspect of the fore-arm or back was selected for 
skin testing, o.i cc. of proteose solution of highest dilution (1/100,000) ^^as 
injected intracutaneously at one site ; if no reaction appeared within 15 to 20 
minutes, o.i cc. of next lower dilution of proteose solution,' as specified above, was 
used, and so with other dilutions till the last one of 1/10,000 was tested. 0.1 cc. 
of Evan’s solution was injected to serve 'as control. Two sites of injection were 
so planned as to lie two inches apart laterally and three inches vertically in order 
to eliminate overlapping of reactions. Positive skin reactions usually starte ^ 0 
appear within 15 to 20 minutes. Sensitivity of skin could be enhanced by previous 
preparations of the sites with 0.1 cc. of patient’s serum intracutaneously 24 to 48 
hours before the test with proteose solution. In one of our cases, however, serum 
sensitized sites showed no reaction to proteose but non-sensitized sites in the^ other 
arm presented good response. This might be due to absence of skin sensitmng 
antibodies or presence of antigen blocking antibodies in the serum of patient. The 
antigen blocking antibodies blocked the proteose, the suspected antigen, before 1 
could combine with skin sensitizing antibodies at the sites. 


In this scries no cases showed negative reaction to auto-proteose. Cross re- 
action with hetero-proteose was not examined in each case. In a very few so teste 
hetero-proteose did not elicit any reaction though the patients were sensitive to 
their own proteose solutions. The reactions persisted for varying periods, from 
2 to 18 hours, but what was reckoned as a more significant fact was a relation 0 
sjunptom — complex to skin testings. Some patients experienced acute aggravation 
while some other complete amelioration of the symptoms. 

A case of ncAtrodcrvialitis, jcvialc, 52 years. Skin test was positive even vith 
1 1 100,000 dilution. Local reaction after 24 hours was nil but skin eruptions 
around the mouth completely faded and a neuralgic throbbing pain in the ear 
was much relieved. 

, 4 ?.' asthmatic, male, 40 years. Skin lest was positive with 1/50,000 dilution. 
Patient had no lapse in asthmatic fits even with adrenergic drug-administration 
before skin tc-ting, but he was practically free from symptoms 24 hours after 
tile tO't. 


d palicr.t of urticaria, male. 53 years. Skin lest was positive with ij 20,000 
liihition. He complained on the next morning of acute exacerbation of itching 
all ovi r tlu’ IxkIv even in-dde the mouth and urethra. 


,1 itr,- of clu iropnmf’hulvx, male, 20 years. Skin test was podtiv’C '’•iti' 
: 75.<xj ! dilution. The patient e.xperienccd exacerbative .-ymptorns, 

.1 s'sjo* of poniail^. female. /A years. SV:in te=t was positiv'e with 
ds'.'Uiots, Lt'-ioU'. were mon itchv in the niKht aft«-r skin tf'ling. 


ij ar!/ ri(>* . mah", yo year'. Skin te^t poatiet 

lh> did tr>t anv flitUta-. 
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impunity. With this possible explanation of the relapse in the case of auto-uro- 
proteose therapy investigation on the urinary proteose on scientific lines is worth 
trying. 

Our grateful thanks are due to Indian Research Fund Association for a 
research grant for carrying on this work. 
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such a denaturisation product of some primary antigen, but how and by what organ 
this is caused is not definitely known. He accuses the liver as a prime organ in the 
production of proteose, a secondary allergen. Importance of liver in the production 
of experimental anaphylaxis in dogs has been duly demonstrated by Dale (4) and 
Manwaring et al (5) ; but production of histamine alone under experimental condi- 
tions cannot explain all the findings observed, e.g., diminished coagulability of blood. 
Furthermore, "it is unlikely that histamine which the liver must pour in the general 
circulation under such condition will be free: it is more likely to be involved in 
colloidal complexes with other cell constituents’’ (Dale). Oriel regards urinary 
proteose as this complex substance produced b}/ allergised liver cells in response 
to the exposure of primary agents. It contains the factor to which the patient is 
sensitive and probably it is the denaturised product of the primary antigen either 
explosively formed or explosivcl}' liberated from the store house liver. Urbach (i) 
also supports Oriel’s views. He regards urinary proteose as a secondary endogenous 
allergen. But mere acceptance cannot establish this as such scientifically. An aller- 
gen must satisf}^ three objective conditions : (i) that it can be effectively used in hypo- 
sensitisation therap}^ with clinical improvements, (? 7 ) that antibodies can be demons- 
trated against such suspected substance, and {in) that passive transference test with 
the substance is possible. Clinical trial with proteose therapy suggests that urinary 
proteose is in the same way related to the factor to which the patient is sensitive. 1 he 
present note will deal with the possibility of demonstration of auto-antibodies against 
urinary proteose from various allergic cases. 

Cases of Study 

Urinary' proteose from various endogenous allergic cases were tested. Most of 
the cases were asthmatic while among others were cases of psoriasis, urticaria, neuro- 
dermatitis and arthritis. Taking tuberculosis to be essentially an endogenous allergic 
disease, .'several cases of pulmonary' tuberculosis were also studied along with this 
scries of allergic conditions. As control normal sera were tested. The nature of 
the study' being most preliminary', cases were stray' and unselected. 

Experi.mental 

Ihe technique of antigen-antibody' reaction in this study has been based on 
the method of complement-fi.xation reaction, as described in the British Medical 
Ke^earch Committee Report (igi8) on Wassermann Reaction with slight modifica- 
tion^. Main principles of the procedure will be discussed in the note. 
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accepted in this series tirst, fourth and the sixth showed complete haemolysis while 
the second and the third presented inhibition of haemolysis to the degrees depending 
on the strength of reactions. The fifth being haemolytic control, showed no trace of 
haemolysis. The amounts of reagents added to the tubes in carrying out the tests 
are given below : 

Tube No. I — Serum (1/5) 3 volumes, complement i volume (2 m.h.d.), 
normal saline i volume. 

Tube No. 2 — Serum 2 volumes, complement i volume, antigen (1/2,1 
I volume and saline i volume. 

Tube No. 3 — Serum 3 volumes, complement i volume and antigen i volume. 

Tube No. 4 — Antigen 2 volumes, complement i volume and saline 2 volumes. 

Tube No. 5 — Antigen 3 volumes and saline 2 volumes. 

Tube No. 6 — Saline 4 volumes and complement i volume. 

The whole set was then kept at 37 °C for 45 minutes in an incubator, then in 
a cold chamber at 22°C for 15 minutes, i volume of haemolytic system was added 
to each tube and finally incubated at 37°'C till the control tubes showed complete 
haemolysis. After noting the preliminary reading of h(jemol3''sis in each tube, the set 
was kept overnight in a frigidaire to allow R.B.C. to settle at the bottom. Final 
reading was taken on the next day. 

Interpretation of Results. 

Results were denoted b}^ + and — signs. + + + + indicates strong inhibition 
with precipitate of R.B.C. at the bottom of the tube and crystal clear supernatant 
fluid, + + + as fairly strong inhibition with a tinge of colour in the supernatant fluid, 
as a definite inhibition with a precipitate of R.B.C. but fair colouration of fluid 
column. Trace reaction (tr.) was indicated by a distinct precipitate of R.B.C., but 
moderate colouration of the fluid. Doubtful reactions were recorded by i signs 
while negative ones b}' — signs. Upto + -i signs results were taken to be posifivc 
while -f and trace reactions as weaklj' positive findings. Results of complement- 
fixation tests so far done are tabulated in the following protocols. 

CHART II 

Co»iplcniCiil-fixatio)t icsts on allergic cases iviUi nrinaty proteose as antigens. 

. Reactions in tube.s 

a*.". No. 
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have also been studied to detect an}'' false-positive results. Number of cases under 
scrutiny is very limited and results are as follows; — 

CHART IV 


Cross-reactions vuith tubercular and allergic proteose as antigens. 


Serum. 

No. 



Reactions in 

tubes. 




I 2 3 

4 5 

6 

Tubercular 

5 

Allergic proteose 

5 

— — — 

— 4- + + + 

— 

Allergic 

5 

Tubercular proteose 

I 

4 

— ± ± 

— 4- -f + + 

— 4 - 4 - 4- 4- 

— 

Normal 

3 

Both 

3 

— — — 

— 4" + 4- 4 - 

— 


To facilitate comparison the above tables may be summarised as follows: — 


CHART V 


Complement-fixation lest with urilnary proteose as antigen. 


.Antigen used in 
the tests. 

Nature of cases. 

No. of 

cases. 

Positive 

Results 

Doubtful 

Negatvi 

Auto-protcose 

Allergic cases 

11 

7 

Nil 

.1 


T ubercular alk rgy 

40 

30 

Nil 

10 

Tulvrcular proteose 

Non-tubrrcular allergy 

•1 

Nil 

Nil 

1 


Normal cases 

3 

Nil 

Nil 

3 

1 li’trro-proti’O'-c 

Tubercular allergy 

5 

Nil 

Nil 

5 

Non-tubrrcular allergy 


Nil 

J 

4 

- 

Normal cases 

3 

• Nil 

Nil 



Conclusion and Summary 

i iierapcutic trials with urinar\’ proteose suggest some specific pioperty to the 
Charts 1 to IV will rt-veii! that beneficial effects in clinical conditions are 
prub ihlv diu' to it.s antigenic property. Antibodies seem to h:> specific to the proti-o-e 
.‘.afi is will be '-hown in hSer publication' that specificitv i:- due to incorporation into 
i> '.ruftun* ot haflerlal hapten to which the patient is sensitive. 
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may be expected that these microbial agents or their metabolites directly influence 
the specificity of urinary proteose. This piece of work has been planned to scmti- 
nise and detect any such role of the microbial agent in shaping the form and the 
character of the urinary proteose. 


Plan of the Investigation 

Identification of the bacterial entity of the urinary proteose in allergic cases has 
been planned on the basis of Landsteiner’s (i) views that proteins lend to their 
respective antibodies absolute specificity. These specificities of proteins depend on 
the “determinant” or “hapten” linkages specific to them, so that they may be 
effectively identified in terms of their antibodies. If, in the case of urinary proteose, 
bacteria have at all any function to determine its specificity, it is probably by such 
haptenisation of the urinar}^ proteose by bacterial haptens or antigens. Anti- 
proteose-antibodics maj/, therefore, be expected to exhibit such a relation with 
bacterial antigens, which is regarded to orient its specificity. 

In this piece of investigation anti-proteose sera were produced in laboratorj^ 
animals, rabbits and guineapigs. These anti-sera were cross-matched with 
•liffcrent bacterial antigens by complement-fixation reactions. Modification of the 
technique has often been tried with a view to improve the efficiency of tlie tests. 
In the first part of the investigation bacterial emulsions were used as andgens, but 
as bacterial proteins are better antigens than emulsions or lysates, in the later 
portion bacterial proteins were used instead of emulsions. The reactions observed 
in the series being weak, the technique was further modified and tests were carried 
out at a lower temperature. 


Ex PER I. mental Details 


Pracinciinit of anii-proicosc scrion in the rabbits : 
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To 100 cc. of sterile normal saline, containing 200 millions organisms per cc., was 
added l cc. of N/i NaOH. The whole mass of liquid was then put on a waterbath 
at 37°C for 2 hours. To this lysed bacterial emulsion was then added 10% tri- 
chloroacetic acid till fine flocculations occurred (usually 2 to 2.5 cc.). The flask 
was then put on the bath at 37° C for -J- hour. The protein-floccules were then 
centrifuged and the precipitate dissolved in saline, 4 cc. per 100 cc. of original 
emulsion. N/io NaOH was then added drop by drop till the precipitate went to 
colloidal solution, i cc. of i per cent formol-saline was then added as preservative. 
The final /)H of the antigen-solution was adjusted between 7.6 to 7.8. 


Anti-complementary properties and antigenic qualities of these bacterial protein- 
antigens were tested, as in previous paper (3) before emplojdng them as antigens in 
tests proper with anti-proteose-serum. Anti -complementary dilutions of these 

protein-antigens were streptococcus 1:4 in 1.5 m.h.d., micrococcus catarrhalis 1.4 
in 1.5 m.h.d., pneumococcus i ;4 in i m.h.d. and Friedlaenders pneumo bacillus i .4 
in I m.h.d., the complement titre being 1:40. 1:20 dilutions of these antigens 

were capable of combining with respective antibodies. None of these showed any 
hsmolytic tendencies. Working dilutions of these antigens were, streptococcus 
t:io, micrococcus 1:10, pneumococcus 1:5 pneumo bacillus i. 5 - 

tuberculin was used to serve the purpose of tuberculo-antigens in dilution of i . 50 < 
as it contains the tubercular hapten. 


test : 

The technical details of the test proper were same as given m previous 
paper (3) on the demonstration of antibodies against urinarj'^ proteose. c ' _ 

dilution of serum was 1:5 and complement was used in 2 m. 1. . j v 

tubes for serum and antigens contained i m.h.d. complement and ^ 

control tubes for antigen contained 3 volumes of antigen vi i ,, minutes 
The set was incubated at 37°C for i hour and then at 22 C o 5 
Haemolytic system w'as then added in each tube and rea mgs were 
«=ontrol tubes showed complete haemolysis. The results of the tests maj be 
denced from the protocols I and II. 


^°’>'plemcnt-fixaiion reaction at lower temperature : 

The results obseiw'ed, though revealing a number of It 

uut, probablj' due to weak antigen-anti o \ re. , 

^erefore. tried to modify the teclmiquc of the test in 1 • ‘;e.iction at h-wer 
f-^icntly the delicacy of the reactions. Comp omen TuNation aa ^ 

‘^'"Perature. as outlined by Russian workers {4) for to.stmg tvphu. . 
liial with some modification of original technique. 
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Working dihdion of the complement : 


Guinaapig’s serum was the source o£ complement. Different dilutions of com- 
nlemlt I in lo, I in 15, I in 20 , I in 25, I in 30, I in 4 °. i “ 50 , and l m 60, 
were made with normal saline. 0.2 cc. of each dilution was 
each of normal saline and harmolytic system containing 3 per 
Sion of sheep's R.B.C. and 5 m.h.d. anti-sheep amboceptor, ” 

after incubation at 37 ”C for J hour. Working dilution 
at the dilution in the second tube from that indicating the htre 0 P 
is, if the titre was 1:25, the working dilution of complement was i.i 5 - 


Determination of complement unit : 

Complement in working dilution was then titrated with the 
antigens ; 7 tubes for each reagent were taken. Complement in tia lu 1 
then added in quantities, 0.06 cc., 0.07 cc., 0.08 cc., 0.09 cc., o.i cc., 0.15 cc., 

0.2 cc. 0.2 cc. of normal saline was added in each tube. After addition of 0.2 cc. 01 
reagent, serum or antigen, the tubes were incubated at 37°C for one hour , 0.2 • 

of hsemolytic system was then added to each tube and reading was taken alter 4a 
minutes’ incubation at 37 °’^- Each reagent was titrated separately for its respec 
complement-unit. Complement-unit {c.u.) for a particular reagent was taken 
the loxaest quantity of complement-dilution producing complete hmnolysis of • • 

of hccmolytic system after 45 minutes incubation, and the complement-um Wj 
wain test {with both serum and antigens) was the lowest common quanti y oj 
plcmcnt giving complete ha-molysis of the given quantity of hmmolytic 
xehen titrated -with reagents separately ] taking for instance, if the comp emen 
for streptococcal antigen was 0.09 cc. and that for the anti-proteose serum 0.0 c 
the coinplcmcnl-unit for the main test with streptococcal antigen and anti-pro co.^ 
^enim was 0.09 cc. Higher multiples of the unit, such as, 1.5 complement uni^i 
2.0 complement-unit, 2.5 complement-unit etc., could be accordingly ca cu a 


Main lest : 

In the main test, 0.2 cc. scrum and 0.2 cc. antigen were taken in small .n,., 
tube-, m them were added different complement-units, usually l c.u., lo • 

2 c.u. and 2.5 c.u. 0.2 <'c. normal saline was used to replace scrum in antig'i^^ 
control nds'.- and antigens in scrum-control tubes. At the utmost, therefore, 
tulv-s v..‘r< hcheduicil for each antigen. 4 for serum control, 4 antigen 
.; fu ;.n?i'-erum with the antigen and 4 for normal ^emm with the anti.gtn. ^ 


‘•iiolr -sf't of tnb*-^- ua-, then placed inside a refrigemtor (temperature o to 4 

.\ft' r tii> < ohi itjcub.uion, 0.2 cc. of hrernolytic «y.stem v.a-- adf'^ 
i t’, tt;' .ill ; {;;( tiilf--. irifubitcf} at 37*('. The reading- were taken a‘- o m 


' y*! 




:uph't»- ha.tm.lv'is, Itactrrial protein 


s v.f'r<‘ used as anuit^a 


rfUrr' 


in 


the bsts at 37'C (vide stiprag 


The rtS’iU' 
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IrAcrpretation of resulis :■ 

Results in the tables have been indicated as in previous paper by + and -signs, 
-f indicating positive and - negative reactions. Different gradations of positive 
reactions have been represented by varjdng numbers of + signs, complete inhibition 
of hfemolysis by + -^ + + , definite inhibition by -p signs, while inhibition in trace 

by tr. 


Findings of the tests seem to indicate that proteose has a relation with ^^ctenal 
antigens and the observed specificitj' of urinary proteose may be due to a pro a 
haptenisation of proteose bj' bacterial antigen. These serological results na\e a .0 
been corroborated bj' other observations in some of the cases. A case o nei 
dermatitis (P7)* showing bacterial entity' of urinar}'^ proteosc to be streptowcc. , 
was given intravenous streptococcal vaccine with rapid clinical impro\ cment. . u s 
qiiently, penicillin in high doses was prescribed and the skin condition la. 
improved. A case of pleurisy (P 24) seemed to have e.xcrcted tu ercu ^ 

Pleural fluid from the case was injected into a guineapig whici ic ^ 

tubercular lesions on liver, lung and abdominal lymph glands. Protco c roi ^ 
of psoriasis (S.T.IiI.) seemed to contain tubercular antigen. The same case c eve op i 
acute pleurisy during the course of investigation. Anti-senim a^ains p ° 
sample from a case of suspected tubercular adenitis (P38) di not S’' f j' | 
fixation with tubercular antigen. Aspirated fluid from the glan s J .^nmplcs 
a guineapig which is still healthy (three months after injection). ° 
from a case of rheumatoid arthritis {P28) and a case o a ergic c n^icrococcal 

seemed to contain micrococcal antigen. The cases were cs ec intra- 

sensitiveness by skin test. They developed marked 

cutaneous injection of o.x cc. of i million organisms p y finrlinr- therefore, 

coccus or staphylococcus obtained from their throats. ic-o nb-crvaiions on .1 

fend to e.vpress that the proteose has some bacterial enti y. / s ^ 

sniall number of cases cannot establish such an ‘ . pj-otoosc: 

continued to develop this technique of identifying bacicria en 1 } „n,„iovcd in the 
jf scientifically established, such a procedure may m estimating and 

investigation of various clinical conditions of unknown c tubercular 

nssessing the amount of allergic state in an indi\i na pa ‘ ^ ;jnti- 

conditions and in understanding two distinct, yet unintcl igi • P 
^Kiclerial immunitj^ and anti-bacterial allergy in human 


CONCI-USION .\ND SUMMAEX 


Anti-proteose scrum in rabbits gave cross-fixotion \m ^ 

|csponsibility of bacteria in the elaboration of niinarv ' 
f^borated by other clinical investigation.s. Spcrificity o ■ 
f>>c authors, is probabh- due to haptenisation of prow. ^ . 


■p. 


N«'- 


for P7 pn tt 



Protocol I 

CompirmcU-fxnlion reaction with bacterial emulsion a nd proteose as antigens. 

Complement-fixation reactions with antigens 
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Complement-fixation reactions with antigens 
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derivatives of sulpliacetamide, sulphabenzamide, 

and sulphamethazine were prepared in this laboratory by ™ 
formalin or hexamine to afford the corresponding p-hydroxjr 

fulphonamides (Basu, 19). All the compounds have been d-gnated m shorties 
■'Formo" derivatives. The present paper deals with the ttt-vUro y 

compounds against Vibrio cholerae. Comparison of their activity has 
with a product similar to the compound "6257” (Bhatnagar, loc. ci .)• 


Experimental 

All the compounds were tested in the form of emulsion A 

solution. A stock solution of 100 mg. per cc. was first made, an reqm^^ 
ties were added from this stock emulsion to the test media, to g ^ 

concentration for the drug under study. Tests were put up m 
cent, peptone water (Difco), glucose broth, and papain digest } 

charged media tubes were sterilized under 10 lbs., pressure or cmoolh 

then^noculated with one loop (x mm.) of a suitably diluted -1 -e 
strains of V. cholerae, {Inaba and Ogaim). The inoculuin 
to 1000 cells checked by plate counting. Tables I, II and II su 
suits of these experiments. By bacteriostasis is meant the . riolytic 

which prevented visible turbidity of growth up to 24 or more houre. 
concentration has been determined by the absence of growth when 1 
bacteriostasis were sub-cultured after 24 hours. 


TABLE I 

In-vitro anti-vibrio-cholcrae activity of "Formo” -snlphommidcs w 

I per cent peptone water. 

Inoculum §00-1000 cells. Incubation 37-3^°^- 
Figures indicate milligrammes per cc. 


Compound^. 

Minimum bactericidal 
concentration against. 

iMinimum bacteno' 

static concentiubon 

again*:!. 

.rt 


Inaba 

Opau'a 

Jnaha 


j . f'onno-'.nlpfi.'ithi.'.ynV- 

.1.0 

.J.O 

1.0 

I.O 

■z. I-'itrn I '■fdpii'i! '-'..vriud'- A F.) 

2.0 

2 f> 

1.0 

t.O 

j I'.trn' i'-'slpl d' n/xii 5 ! ’*• B !•' ) 

2.0 

2.0 

1-5 

J.s 

{'r.'r. . ■ •}!;'•- ' i 

30 

3 « 

J 5 

1 5 

, 5 , ' If— ►; -■ 

30 


i '5 

( « 


3 ^ 

d-’i 

1-5 

r -5 


the 

h».baUo„ ‘tcmy ei 

°° “* "'4 Vb “1 

^°ncentrati^^ — ' ' ^^‘olcrae. 

wpri;^ ' — _ 





^growth ; 

growth 

’■''o'i.ji „j 


, , ’■''o'Ui „J ~~- 

500 cells of p , ''' ^o cc. of ^ . 

^ ^^cabaltT 

37-3 S=c. • 

niedia. ■~~~^ 

'"ff- per cc. 


) 



m.-n. 1 _ - .. " - 

f^niPs p ~ soon from m , ^’'’’'wjT^ 

"■ S-n- 

‘"^> ^tn,fn.. fV) dcomn.^" * 
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TABLE ly 

Showing the bacteriostatic activity of drugs in nutrient agar by, the solid 

streak-agar method. ' 


Incubation at 37°-38°C. Reading after 24 hours. 


Drug. 

Concentration 
in agar mg. 

Observation 

Inaba. 

Ogawa. 

Formo-sulpliacetamide 

335 



. — 


266 

— 



TOO 

+ 

+ 

Formo-sulphabenzamide 

336 

— 

— 


266 

— 

+ 


loo 

+ 

+ 

+ 

= growth : — =:=no 

growth. 



Result of observation 


From Table I it may be seen that both Formo-sulphacetamide and Fornio- 
sulphabenzamide exert a greater bactericidal potency than the rest of the com- 
pounds tested so far. Their bacteriostatic potencies are also high, but those of 
Formo-sulphacetamide and Formo-sulphathiazole appear to be of the same order. 
The formalin derivatives of the other sulphonamides e.g. sulphadiazine, sulpha- 
merazine, and sulphamethazine, appear to have a lower range of both bactcriosfa- 
tic and bacteriolytic effect. Thus, while Formo-sulphacetamide and Formo-sulpha- 
thiazolc give bacteriostatic effect at 100 mg. % concentration, Formo-sulphabcn- 
zamidc exerts the same at 150 mg. % and the diazine, merazinc and methazinc 
derivatives exert at only a concentration of 250 mg. % in media. In papain- 
digest broth Formo-sulphacetamide exerts slightly more powerful activity against 
Tnaba’ than Fonno-sulphabenzamide (Vide Table III). In agar-strip as well as 
in glucose broth, each of these compounds exerts identical activity. 

An interesting c>bservation has been made on the activity of the “forrno 
derivatives in this connection. It the dnigs are tested by dissolving them in alkali, 
they lose some of their bacteriostatic activities. Tliey are more active \vh(‘n added 
directly into the media. 


Discl'.ssio.n 
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3. Clinical evaluation of the condensation products, particularly S.A.F. and 
S.B.F. is suggested on the basis of experimental results. 

My thanks are due to (Late) Mr. N. Rao for part of the data in Table I. 
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STUDIES ON THE CHEMOTHERAPY OF BACTERIAL INFECTIONS: 
PART II. IN-VITRO SCREENING OF CERTAIN FORMALDEHYDE 
SULPHONAI\IIDE DERIVATIVES AGAINST VARIOUS PATHOGENS 

A. N. BOSK 

From the Bengal Immunity Research Institute, Calcutta 

(Received for piiblic.Ttion, JCovemher e6. lojo) 

In Part I of this series, anli-bactcrial acti\’ily of the re.cj7ertivc fonjiaId<'!iy(i('. 
condensation products of Sulpha-thiozole (S.T.F.), Sulphacctaniido (S.A.l'.J. Sul- 
phabenzamide (S.R.F.), Sulphadia7.inc, Sulphamerazine, and Sulphauu ih.'irinf 
against Vibrio cholcrac have been studied. The compounds S.ILl'. and 

S.T.F. being more promising, the\' have been taken for further srro ninc 
against various patliogcnic organisms. Ttic pro.<cnt paper de.ils ui’th th*' - 

talic activities of these compounds against siaphyincvccuc. {'r.cuv.nrc.'c.r . h. 
iyphasa, S. paratyphi /I. Sh. dysctilcriac iShitia). Sh. sonnei. reJi. R. 
vuigorts, and B. pyocyaucus. 
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ExPERIMENT/VL 

All the bacteriostatic tests were performed either in' i% Difco -peptone water 
media or in honnone broth according to the procedure already reported' (i-). For 
comparison, sulphathiozole was also studied. The inoculum used in all the tests 
was high, being i loopful (i mm.) of an i8 hours’ liquid culture of the different 
organisms. Each screening experiment was repeated thrice. In every experiment 
three individual tubes containing the same test dilution of the drugs were charged, 
so that in total nine experiments were performed for each concentration of the drug. 
Results were noted only when six out of the nine tubes gave the same results. 
The observations were recorded after ^8 hours. 


Tables I to III summarise the results of these experiments. 

TABLE I 

ShoiDvig the in-vitro bacteriostatic activity of '‘formo”-stdphon amide derivatives m 
comparison loith sulphathiazole. lo cc. hormone broth media, pH y.4.. Jnoculunx 
rloopful {imm.) of organisms from iS hours' growth in hormone broth culture 

medium. Incubation 37-33°C. 


Drug. 


Concentration 
in media, 
mg. per cc. 


Micro-organism 


Streptococcus Streptococcus Pncuuwcocctts 

hcctfiolylicus viridans Type I 

(Richards) 361 


Sulphathiazole 

i.o 


2.0 


2.5 

S.A.F. 

1.0 


2.0 


2-5 

S.H.F. 

1.0 


2.0 


2-5 

S-T.F. 

I .a 


2.0 


2 5 


-r 


4- 


4 


+ 


•f 
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TABLE II 

Showing the bacteriostatic activity of ” forma” -sulphonamides in comparison with 
sulphaihiazole against various intestinal organisms in 1% peptone water media, pH 
7.6. . Inocidtim — i loopful (r mm.) of 18 hours’ culture in peptone water. 




^ licroorganisms 




in media 
mg. % 

S. typhi 0 

Para~typhi A 

Sh. Dyset:- 
teriin 
(Shiga) 

Sh. Soiiiici 

Sulphathiazole 

5.0 


X 

+ 

X 


12.5 


X 

— 

X 


25 

X 

X 

— 

X 


50 

± 

+ 

— 

-L 


100 

— 

+ 

— 

— 


200 

— 

— 

— 

— 

S.A.F. 

5-0 

X 

X 

+ 



J 2.5 


X 

— 



25 


X 

— 



50 

+ 

+ 

— 

4- 


100 

— 

— 

— 

— 


200 

— 

— 

— 

— 

S.B.F. 

5-0 


X 

4 . 

X 


t 2.5 


X 

— 

X 


25 



— 



50 

+ 

+ 

— 

-L 


100 

— 

— 

— 

— 


200 

— 

— 

— 

— 

S.T.F. 

5-0 

X 

X 

- 

X 


12.5 

+ 

X 

— 

X 


25 

■i- 

X 

— 

• 


50 

± 

+ 

— 

X 


100 

— 

-T* 

— 

- 


200 

— 

— 

— 

— — 


± —Partial inhibition of growth. 
J- —No inhibition of crowth. 

— — Inhibiiion of grirAtb. 

X -^Not clor.". 
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TABLE III 


Showing the bacteriostatic activity of "jormo” -sulphonamid.es in comparison xvith 
Sulphathiazole against the pathogens of the genito-urinary tract in 2% Peptone 
water media, pH 7.6, Inoculum — i loopful (i mm.) of 18 hours peptone 

water culture. 


Incubation 37-38°C 


Drug. 

M 

Concentration 
in media 
mg. per cc. 

[icroorganisms 






Staph, E, coll 
aureus 

B. 

387 

proieus 

0x2 

B. pyocyanen^ 
128 308 

Sulphathiazole 

3-0 






+ 

•f 


2.0 


— 

— — 





1-5 


+ 

+ 

— 

■f 



1.0 

•t 

h 

+ 

— ■ 

- 1 - 



0-5 


+ 

+ 


-f 


Formo-Sulphacetainidc 

2.0 

— 

— 

— 


— 


(S.A.F.) 

1-5 

X 

X 

— 



-)• 


1.0 



' 





0.5 

+ 

+ 



+ 


I'ormo-Sulphabcnzamiclc 

2.0 

— 

— 

— 


— 


(S.B.F.) 

1-5 



— 


— 



J.O 

— 

— 

— 

— ’ 




0.5 

*r 

X 

+ 

— 

•r 


Fornio-Sulphathinzolc 

2.0 

+ 

-t- 

+ 

+ 

— 


(S.T.F.) 

t -5 


X 

+ 


+ 



I.O 


-f 

+ 


■f 



0.5 

+ 

X 

+ 


-f 

— 


—No inhibition of growth. 
— = Inhibition of growth. 

X =Not done. 
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Thus, from Table I, we may infer that the formo-derivatives of sulphacetamidc 
(S.A.F.) and sulphabenzamide (S.B.F.) are likety to be more effective against 
streptococcus viridaiis infection than Sulphathiazole and “Formo”-siilphathiazo]c 
(S.T.F.). Even against staphylococcus aureus. S.A.F. .and S.B.F. appear to be 
more bacteriostatic (vide Table III), S.B.F. being still more powerful than S.A.F. 
in this respect. Against tlie urinar}? pathogens, E. coli, and B. protcus, S.T.F. 
seems to fail in showing definite bacteriostatic action while S.A.F. and S.B.F. 
exert fairly high and similar effect, both appearing to be more potent in these 
infections than sulphathiozole. Against B. Pyocyaneus also S.B.F. scores the highest 
point in bacteriostasis, S.A.F. coming second, and S.T.F. third in the test. Sulpha- 
thiazole does not cause any bacteriostatic effect on this organism even at a concen- 
tration of 300 mg. per cent. Against sk. dysenteriae (Shiga) all the compounds 
are equally powerful, and exert bacteriostasis in ver}' low concentration (12.5 
mg. %). Tests with Sh. sonnei however show that S.T.F. does not possess any 
demonstrable effect even at a concentration of 100 mg. %, while S.A.F., S.B.F. 
and sulphathiazole at the same level give similar bacteriostatic effects. Against 
Eberthella typhosa also, all the compounds, are equall}' active, but with S. paratyphi 
A., S.A.F. and S.B.F. appear to be more bacteriostatic than Sulphathiazole and 
S.T.F., the latter being the least active compound, in this respect. (Table III. 

From an analysis of all the data so far recorded, it seems plausible to infer 
that the more soluble formaldehyde condensation products of sulplionainides 
(S.A.F. and S.B.F.) appear to exert more powerful bactcrioritatic activity than the 
insoluble condensation product such as S.TT'. It also seems likely that condensation 
with formaldehyde loading to the incorporation of the CH- OM.NH group to the 
sulphonamide molecule has led to an increase in the potency as well as in the range 
of activity of sulpha dnigs. It maa' be probable that such condensation has led to 
a change in the molecular properties in such a way that compounds liberate the 
active anionic form in the S3'slcm making them resonant to play their p.irt in tlie 
drug-cnz3'me competition. The labilit}- of these compounds also ensures libiTation 
of formaldehj'de in the bod\’ such as in the genilo-urinara’ tract, and thus helps in 
tackling the infections both at acid and alkaline ranges of pll. They are. tlierefnre. 
likely to be of double advantage for therapeutic purpose.s. 

Hence it maj' be suggested that the formo derivatives parlicuiarly, S..-\.F. .ind 
S.B.F. .should be given more extensive trial.s in the clinical field, ng.iin.-t all sort.- of 
infections to bring out their therapeutic possibilities. 


Summary 


r. The fonnaldeln-de condeii'^atinn product'; of sulphalbi.o'^er . 

sulphacctamide (S.A.F.). Sulphabenzamide (S.lbk.!. b.'ivc been '''nin.d .-r-.e.-; 
Various pathogens, in comparison with sulphathiazole 


A. .'Ngainst S(rcpioc’->ccus viridar.':, and S.r>.h, r.pp ■- 

active bacteriost.rtic ayents ; S.l . 1 *. and >1 .iU’ in.activi, in tlr.'' 
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3. S.B.F. exerts the highest bacteriostatic action against the urinary pathogens, 
— B. pyocyaneus and Staphylococcus aureus. 

4. 'Against E. coli and B. proteus, S.A.F. and S.B.F. exert similar 
activity. S.T.F. and S.T. are inactive against these t'wo organisms even at the 
concentration of 200 mg.%. 

5. All the “formo” compounds as well as S.T. exert powerful bacteriostatic 
effect against Sh. dysenterice. shiga and moderately high effectiveness against 
E. typhosa (at 100 mg.%). 

6. Against sh. sonnei S.T.F. gives the lowest bacteriostatic effect, while the rest 
of the compounds produce the same activity. 

7. It is suggested that "formo" derivatives, particularly S.A.F. and S.B.I'. 
be given more extensive trials in the clinical field. 

In conclusion, my thanks are due to Mr. Amal Das Gupta, B.Sc. for technical 
assistance in this work. 
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(Recoivod for piiblicalion, Xovembtr 26, 10 jo) 


The digestibility and biological value of raw soyabean is not high and i> ahno'l 
the same as the other Indian pulse.s possess. Tliis observation was made by 
Aykroj'd, Ahmed, Patwardlian and Basu (i). Tlic same observation was made b\- 
Osborne and IMcndcl {2), Vestal and Shrewsbury (3) and \'estal, Shrew>bury and 
Haugc (4). They showed that wlicn rats were fed witli raw powdered soya-bean, 
the diet being otherwise adequate and soyabean being the sole source of proirin, 
normal growth was not pos.«iblc. On the other liand Everson rf a! made a 
comparative study of the nutritive value of soyabean in the raw state and after 
germination for Co hrs. To one group of rats he gave nuv soyabean in the p-neder 
fonn and the another group he gave the .same soyabmn after genninatinn hn 
Co hrs, both the groups of rats being maintained on a diet of io“„ jTotein Icvr!. 
The increase in weight per g. of protein fed observed by him was o..*S in of 
raw soyabean and T.4 in case of the genninaled bean 


Previous communications form this lalxiratorv' (l)e and Subr.d’.nri 
Dosikachar <•/ <:!, {7 have shown that germination incre.-i.-e- the notritiM 
Wabe.an milk. The pre.^ent inve.-tigation wa< intend-ai u> -'toiy the 
gennination on the nutritive value of siyabean when fid m tie turn . 
and also when fed in the fonn of milk i.e. in emulsitie I form. 


n\' in. 





J • A 

• i 
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Experiment 

25 rats weighing between 40 to 50 g. were taken and these rats were divided 
into five groups each group consisting of 5 rats. The protein level was maintained 
at 10% in all the groups of rats and the source of protein was as follows in the 
five groups of rats. 

First group — raw soyabean powder. 

Second group — soyabean that was germinated for 48 hrs. 

Third group — milk prepared out of soyabean that was allowed to germinate 
for 48 hrs. 

Fourth group — Cow’s milk brought from Dairy Research Institute, Bangalore, 
every day. 

Fifth group — a mixture of the same cow's milk given to the 4th group and the 
same soyabean milk given to the 3rd group in the proportion 
of 20% and 80%. 

The basal diet given to all the five batches was common and was prepared 
according to the following formula. 

Salt mixture — 4% O.^bornc and Mendel (8). 

Cocoamit oil — 5% 

Sugar — 10% 

Starch — 

"S ea^t tablets — 4 tablct.s of Squibbs Brewers Yeast per 100 g. of the diet. 

BC'idt's thi' each rat was given 2 drops of Shark liver oil per week and 
‘’UtTjcient calciff-rol. The protein level of the diet was maintained in all the five 
cru'ip-s at 
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The first and second groups of rats were given diet as follows: — Ever}’ da\- at 
about 10 A.M. the diet was weighed in cups and made into paste with water and 
given to the rats. The next morning at about 9 A.M. the diet cups were cleaned 
and the residue left each day was collected in separate bottles — one bottle being 
specified for one rat and at the end of one week the total collected refused diet was 
dried and weighed. From the difference between the weights of the total diet gi\'cn 
per week and the weights of the collected refused diet the food intake was calculated. 

The so3'abean milk given to the 3rd group of rats was prepared as follows 
according to the process of De and Subrahmanj'an (loc cit) : Soyabean was allowed 
to germinate for 48 hrs., and then the skins were peeled off and the kernels were 
extracted with 5 times water containing 0.02% Sodium bicarbonate for 15 minutes 
at 75°C. 

The kernels now obtained were pasted, mixed with 5 times water and 
strained through cloth and finally boiled. 

For the fourth group of rats cow’s milk was brought from the Daily Research 
Institute, Bangalore, daily, boiled for a few minutes, cooled and then given. 

The basal N. free diet, that was supplied to the last three groups of rats i.c. the 
rats that were provided with milk, was weighed in cups and made into paste witii 
water. The milk was given in a separate cup. To maintain the protein level at 
10% the supply of milk was adjusted with the average intake of N. free diet. Everj* 
daj' at about 9 A.M. the N. free diet was given to the rats and water was given in 
the milk cup. The milk was subsequent!)' given at about 3 P.M. in the milk cup 
llrrowing away the water. Ever)' day the protein content of soyabean milk and 
cow’s milk was determined 'from an aliquot portion and the protein supplied 
calculated on weekly basis. 

The prcliminai)' period of experiment in all the five groups was one week and 
the experiment was conducted for five weeks. The rats were weighed at the end of 
each week. The following results were obtained. 


Average 

Group Source of 

jsig protein. Grain in Ftxxl intake Protein firain in -At, 

wt. in g. in g. intalie in per g. <■! 

g. pn-tein 


1. Raw soyabean powder 26.5 




-O', 


11. Soyabean germinated for 
•iS lioiirs 


31 


ill. Milk from s<iyabean ger- 
minated for .tS hours 


IV. Cow'.s tnilk 


' . Mivtum of co*),^ cow’s 
milk and So'*,', S,iyamilk 


.jO.I 

jO.2 

•le.; 


= 33 '' 

1 


-^■-5 

;:7 
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Discussion 


From the figures in the Table, it will be evident that the nutritive 
soyabean increases a good deal on germination. It was interesting to ° ^ 
there was a considerable falling of hair in all the rats of both the groups recei ^ 
raw and germinated soyabean in the powder form. ^ Johnson et al (9) s o\ 
soyabean protein contains a sulphur-nitrogen containing complex which is a sor 
able to rats, but cannot be used for tissue building purposes and that on heating 
the soyabean it becomes available. Here the conclusion appears to be inescapa 
that germination cannot make the unavailable part of the sulphur containing ami 
acids available as heating and other process do and that the increase in the nu n iv 
value is due to some other reason and not due to the liberation of S-amino aci 


The other interesting observation was that the rats that were given soyabean 
milk i.e. the rats of group 3 had quite healthy hair appearance. There 
falling of hair — on the contrary the hair of all the rats was glossy and a si j 
appearance. The milk was always boiled at the time of preparing. From 
very appearance of the hair of the rats the conclusion seems to be that the 
acids present in the soya-milk are available. As the milk was boiled sii icicn y 
so it cannot be definitely said whether they were available due to emulsification 0 
due to heating. In the emulsified state the sulphur-nitrogen complex of the pro cm 
might be more vulnerable to the attack of the proteolytic enzyme. But it is mo 
probable that heat plays the most important role here. 


Summary 

1. The effect of germination on the nutritive value of soyabean was slu ^ 
by rat growth method and it was found that while raw soyabean powder 
biological value of 0.95. after 48 hrs. germination the biological value of the soya )Ct 
powder becomes 1.33. 

2. The effect of germination on the nutritive value of soyabean milk 
studied and it was found that on 48 hrs. germination the biological value bccom 
1.41 where as cow’s milk (from Imperial Dair}' Research Institute) gives i- 44 - 

3. The effect of supplementing milk prepared from germinated soyabean vi 
2o'!o cow’s milk was studied and it was obscrv’cd that supplementing increase.-^ 
hifdogica! value. 


Kf:Fi:KiiNCT:s 
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THE EFFECT OF CERTAIN SUBSTANCES ON THE BIOSYNTHESIS OF 
ASCORBIC ACID BA’ PHASEOLUS AIUNGO DURING GERMINATION 

S.A.CHCHIDANANUA BANERJISE and NIRMALENDU XANDl* 

From the Departuicnt of Physiology, Presidency College, Calculta 

(Received for publication, November 26, 10.59) 

The increase in the ascorbic acid content of the pulses during the process of 
germination was reported several workers (1-6). Ahamad and his associates (i) 
found that when phascolus mungo xvas germinated with different sugars there was an 
increased s5'nthcsis of ascorbic acid. They also observed that minerals like manga- 
nese chloride, boric acid, cadmium chloride accelerate the synthesis of a-corbic acid. 
Chloropliyll, thiamine chloride and carotene gave no positive re.^ponse. Ray (.5) 
observed an increased synthesis of ascorbic acid in peas {pisuiu salivuiu) allowed 
to germinate with different he.xoscs, while pentoses were almost without any effect. 
Rudra (6) reported that manganese sulphate stimulates the production of ascorbic 
acid in germinating peas. King and his associates (7) observed that when r.it-. 
were fed chloretone, camphor, menthol, gerancol, terpineol, aspirin etc. the animals 
o.vcrcte large amounts of ascorbic acid in urine. Roy t?! and his associates, however, 
reported that rats made deficient in thiamine and ribollavin wlun foil rh!or> tone 
do not c.xcrctc increased amounts of ascorbic acid. 


In the present paper, the studie.s on the effect of various .antisepiic-. hyp: 
analgesics and B-Vitamins on the increased producti<*n ot 
pj'iiiscolus uiungo tluring the prosC'S of gcrmin.itinn inve b'-cn p.n -'.ntci!. 


ifii 

• by 
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Experimental 

G^rmirnlion oj tU seeds of PhaseoUs Umtgo^. 5 g , °f tferted 

8 f pnaseous ,nmgo were embedded in a ^ ,vater. 

and purified sand.' The seeds in each dish were ^ hypocotyls 

After twenty four hours all the seeds swelled up, seed coals ctemicals, 

came out. 5 cc. of a o.i per cent aqueous “ ,eeds were 

whose effect on the germination and on ^ experiment was completed 

studied, were added daily to different pe n water^only were added daily 

on the sixth day of germination. 5 cc. of distilled \ direct sunlight 

to the control dishes. The petri dishes were kept away from 

during the course of germination. 

Exlraclio,, of Ascorbic Acid of Phaseolus Mm, go 
of gerotimtion ■. Ascorbic acid in phaseolus mungo was i„atcd, 

contents of the petri dish containing sand and seeds, §““111. t S 

were transferred to a glass mortar containing 25 cc. of a freshly pr^a 3 P 
solution of metaphosphoric acid and ground under the am wi i 
contents were then transferred to a measuring cylinder, cit filtrate 

bring the to 3.5, the volume was made upto 100 cc. and filtere . 
was used for the chemical estimation of ascorbic acid. 

Chemical cstuoation of Ascorbic Acid: (a) Free 
of the extract was titrated with a 0.02 per cent solution of ^-^^ichl p 
phenol standardised according to the method of Mcnaker and Guerr ( 9 )^ 
value for free ascorbic acid was calculated (6) Dehydro-ascorbic act . 
of the original extract, sulphuretted hydrogen was passed for ^ n 

converted dchydroascorbic acid into free ascorbic acid. Sulphuretted y ^ 
was chased out by a current of carbon dioxide and extract was ^ ^ 
standardised solution of 2.6 dichlorophenol indophcnol. The result g 
for the sum total of free ascorbic acid and dehydro-a^corbic acid. } 
the value for free ascorbic acid the dchydroascorbic acid value \yas ca cu c . 

result arc given in Tables I and II. The effect of different chemica s on 
of the seedlings were also noted. 

Biological /Issfiy of Ascorbic Acid: To study ^ j. '^on- 

obtained by titration with the dye was actuallj^ abscorbic acid and no dieter- 
'■jiecifir rcciucing substances, ascorbic acid values of germinated pulses jg._ 

mined biologically by the well known curative method of assay of gui ^ ^ 
Healthy male guineapigs of weights var\'ing between 225 g. and 250 g. ^ 
a scorbiitir diet (10) for one week. Every' animal was fed 5 mg. of ascorbic 
day .snd two flrops of concentrate of vitamin A and D twice a week. 

V lilt,!! grew normally were selected for the e.xpcriment and were fcyl jo 

'bet. Till' aniinaU were weighed on altrnatc day.s. When the animals i-f-* 
e w.-ight ft":n tlu* '•fventeenth day of the experiment they' were pairft . 

t ,t rmin it* '1 '<td' were picket} up from the sand b''d. crushed in a ^,f 

tt> 1 . th I'.n- . v:t> extracted through a gauge cloth. Ascorbic acid in an j,,, 

- w,. t xtr;.i"».'d v.ith rni-lapho-phoric acid and the total nscorbK a' a 
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TABLE I 

Ascorbic acid Content of Germinating ‘Phaseohts Mungo’ Treated ivith 

different B Vitamins. 

{Ascorbic Acid values are Expressed in Mg. per cent). 


Substances 
used for 
germination. 



Days of germination. 




Kemarks. 

Water only 


I 


3 


5 


6 




Free 

ascorbic 

acid 

43 “( 

O.I 

by -9 

oS 

0 


0 


Standard 

growth. 


Dehj’dro 

ascorbic 

acid 

13.(3 

o.g 

32.9 

o.S 

120.0 

o.S 

74.1 

0.9 


Nicotinic Acid 

Free 

-.ja.i 

I.O 

77.4 

B 

3b..I 

I.O 

0 


Standard 


Dehydro 

S.g 

2.0 

21. 1 

B 

93 0 

0*5 

62,2 

J-5 

growth. 

Choline 

Free 

54-7 

t .1 

100.2 

t.i 

0 


0 


Growth 

chloride 

Dehydro 

7-5 

0.5 

11.9 

O.I 


2.0 

100.6 

1 f) 

Accelerated. 

Calcium 

Free 

5i.(3 

O.I 

89.0 

0.2 

0 


0 


(irowih 

pantothenate 

Dehydro 

1. 1.0 

0-5 

l.).0 

1.6 

128.2 

1,6 

115-2 

2 G 

Acr<derated. 

Thiamine 

Free 

•H-b 

O.G 

70.0 

o.S 

0 


0 


Standard 

hydrochloride 

Dehydro 

y.t. 

0.2 

22.7 

‘’•5 

1 10.2 

I.O 

1 1 2 G 


grouth 

Para-amino 

Free 

50,2 

0.7 

78-vS 

I.T 

23 2 

0 vS 

0 


(iron th 

benyoi.s Acid 

Dehyilro 

12 0 

0.3 

n-i 

» \ 

1 

0 7 

I 1 2 G 

I »s 

flichtly 

retardefi. 

Inocitol 

Frt'c 

50. e 

^ .0 


1 2 

23 2 

0 S 

1) 


(bin', ill 


l^'liydro 

•)-7 

0.3 


0 0 

•'i.'i 1 

« 7 

i *>3 •( 

I \ 

.tl ( ( i' r.i!- d 

Pyrido.\ine 

Free 

5 ^-- 

o.S 

* 5 f> 2 

I 2 

57 t 

I ^ 



(>r >\\ ill 

hydriKlikiride 

Dehydio 

iio 


10,0 

1 2 

■ib ! 

0 I 

li?G S 

t t 


NieDtinamide 

F'ree 

.Sl-o 

0 S 

2 

J ? 

22 

0 1 

fi 




Dehydro 

70 

0. 1 

1 X i 

3 

7‘3 s 

i 0 

;f>i G 

I 

sr.- ;h 

Hefore gennination 

the U'^corbic. acid 

v.iluo 

of p>:a 

» 

w'.i 

" S-I G • : 


The did not contain dcliy<Iroa<<'orbic acid. 
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TABLE II 

Ascorbic acid content of Germin-ating 'Phaseolus Mungo’ Treated with different 

Antiseptics, Analgesics and Hypotics. 

{Ascorbic Acid values are expressed in mg. per cent). 

Substances 

used for Da,ys of germination. Remarks, 

germination. 


Water i 3 5 ^ 



Free 

ascorbic 

acid 

49-5 

0.9 

70.8 

1.2 

0 


0 

Standard 

growth. 


Dehydro 

ascorbic 

acid 

8-5 

0.2 

34-8 

0.3 

125.6 

1.2 

82.6 1.8 


Acetone 

Free 

52.2 

0.6 

96.4 

0.4 

0 


0 

Standard 


Dehydro 

11.1 

0.6 

14.1 

1.4 

138.1 

1.2 

99.2 1.0 

growth. 

Terpencol 

Free 


0 5 

97.2 

1. 1 

25.5 

1-3 

0 

Growtli 


Dehydro 

13-2 

0.6 

12.2 

0.5 

111.3 

0.8 

96.4 I.O 

retarted. 

Gcraneol 

Free 

38.9 

0-3 

98.6 

0.4 

16.1 

O.I 

0 

Growtli 


Dehydio 

17-3 

0.6 

26.0 

0.6 

113-9 

2.1 

no. 2 1.2 

retarted. 

Mentliol 

Free 

48.4 

2 0 

97-0 

1 .6 

8.1 

O.I 

0 

Growth 


Dehydro 

10.2 

0.2 

8.2 

0.4 

122.0 

1 .0 

100.2 1.2 

retarted. 

Cninpbor 

I'ree 

•jS.i 

0 r 

91.6 

1.9 

7-7 

0.2 

0 

Growth 


I Jcliydro 

10 

I -1 

16, .1 

0-3 

127.0 

^■5 

73.6 7.1 

retarted. 

Tliymoi 

h'rec 

38.1 

J .5 

6.2 

0.7 

Seedlings were dead due 



D-liydro 





to 

toxic 

action. 
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One animal of each pair was fed an aliquot of the pressed juice containing 5 mg. 
of cr3'stalline ascorbic acid dissolved in i cc. of water. The rates of growtii of 
animals in each pair were comparable which indicated that the ascorbic acid in the 
germinated seeds is true ascorbic acid and not other non-specific substances. 


Results 

Of the B-vitamins choline chloride, pyridoxine hydrochloride, calcium panto- 
thenate and inositol accelerated the growth of the seedling and enhanced the produc- 
tion of free ascorbic acid during the course of germination as compared to the 
controls germinated with water only. This rise in the production of the ascorbic 
acid was maximum on the third day of germination. On the fith or sixth day of 
the germination the free ascorbic acid value became nil but there was a considerable 
xise in the dehydroascorbic acid value. The growth of the seedlings was not 
enhanced with either nicotinic acid or nicotinamide but there was increased produc- 
tion of ascorbic acid upto the third day of germination. Para-aminobenzoic acid 
although enhanced the production of ascorbic acid slightl)' retarded the growth of 
seedling. The effect of tliiamine chloride was .similar to that of water alone. 

Acetone, terpeneol, geraneol, menthol, camphor, veronal, luminal and chlorc- 
tone accelerated the production of free ascorbic acid which was maximum on the 
third day of germination and disappeared on the fith or sixth day of germination. 
Terpeneol, geraneol, menthol, camphor and chloretone slightly retarded while veronal 
and luminal stimulated the growth of the seedlings. With acetone the growth of 
the seedling was normal. Thymol had a toxic action on the seedings which did 
not grow at all. 

In all the cases dehN'droascorbic acid value, which was absent in dr\’ sccd.^ 
went on increasing and was maximum either on the fifth or on the sixth day of 
germination when tlic free ascorbic acid value became absent. 


Discussion 

The embrjm remains dormant in the diy-pulscs and very little ascorbic arid 
present in them. During the process of germination increased amount,- of nscoibic 
acid appear in the seeds. Substances like chloincchloride, pyridoxineh\ drocliIoride, 
calcium pantothanatc, ino.«itol, nicotinic acid, nicotinamide, chlorcfonc, menthol- 
camphor, geraneol, terpeneol, acetone, veronal, luminal etc. produce .1 further 
increase in the ascorbic acid content of the germinating phasrohis n:f<r:go. 2.p!’.our- 
aher the seeds arc soaked uith water the seed coats lupture and hyp^cotyls c/um 
out so that all the substances came in direct contact of the .needling-; 'a prndttcr 
their effect on germination and on the ascorbic acid content of the Tiie fne 

ascorbic acid content of the seedling was maximum on the third day of g. nninatif n 
and disappeared completclv either on the fifth or the sixth day of gt nninati'- :i. 
The abrupt fall in the free ascorbic acid content h'xuu.s to bi‘ due to the ff'nr.aiien 
of dehydroascorbic acid. 



222. SACHCHIDANANDA BANERJEE AND NIRJIALENDU NANDI 

• The dry seeds did not contain any dehydroascorbic acid which went on rising 
during the course of germination and the value became maximum on the fifth or 
sixth day of germination when the free ascorbic acid value became nil. The 
formation of the dehydroascorbic acid during the process of germination may be 
either due to the presence of the oxidative enzymes like ascorbic acid oxidase present 
in the germinating pulses which convert ascorbic acid into dehydroascorbic acid or 
due to tire rapid oxidative metabolism in the germinating seeds. 

Owing to the great dissimilarity of the nature of the different compounds found 
to increase the production ascorbic acid during the course of germination it seems 
that the substances stimulate the increased synthesis of ascorbic acid by the 
germinating seedlings and do not act as precursors of ascorbic acid. 

Summary 

1. The effect of some of the vitamins of the B-group, antiseptics and hypnotics 
on the increased production of ascorbic acid in phaseolns mungo during the process 
of germination has been studied. 

2. Choline chloride, pyridoxine hydrochloride, calcium pantothenate, inositol, ' 
nicotinic acid, nicotinamide and para-aminobenzoic acid have been found to 
accelerate the production of free ascorbic acid in the germinating seedling upto the 
third day of the germination. Thiamine chloride has no extra effect on the 
synthesis of ascorbic acid. 

3- Aceone, tcrpencol, gerancol, menthol camphor, veronal, luminal and 
chloretone also enhanced the synthesis of ascorbic acid b}^ the germinating seedlings. 

4. Dehydroascorbic acid which is absent in dry seeds of phaseolus mungo was 
formed and became ma.ximum on the fifth or si.xth day of germination when the 
free ascorbic acid completely disappears. 
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CATALYTIC EPFECT OF TITANOUS AND STANNOUS CHLORIDES 
ON THE ACID HYDROLYSIS OF CASEIN 


P. V. KARAMBELKAR, G. R. RAMASARMA and A. SREENIVASAN 
From the Department of Chemical Technology, University of Bombay and 
Biochemical Division, Raptahos Brett and Company Ltd., Bombay 

(Received for publication, December 15, 1949) 


Sullivan and Hess (i) reported that use of small amounts of titanium chloride 
in the hydrolysis of proteins with hydrochloric acid resulted in a reduction in 
humin formation and a more rapid liberation of cystine. Lieben (2) studied the 
hydrolysis of casein, gelatine and Bacto peptone by sulfuric acid under different 
experimental conditions and using a variety of metallic salts. He found tliat titanous 
chloride as well as stannous and stannic chlorides increased the rate of h3^droh'sis 
to an appreciable extent, while copper, nickel and manganese salts were without 
effect. 


The present report deals with studies on the catalytic effect of titanous chloride 
and stannous chloride on the h3^drolysis of casein by vatying concentrations of 
sulfuric and h3'drocliloric acids and on the ttyptophane and C3'stine contents of the 
resulting hydrolysates. 

EXPERIMENTx\L 


Materials used : — Commercial Argentine casein (N content 12.0 per cent.) was 
used for all studies reported here. Solid stannous chloride (C.P.) and 15 per cent, 
solution of titanous chloride were the catal3'sts employed. 


In all experiments in which stannous chloride was the catatyst, the casein con- 
centration was I g. per 20 cc. of acid (t.r. 5 per cent.). The use of a 15 per 
cent, solution of titanous chloride as catatyst, however, resulted in a slightlv lower 
concentration of casein ns well as the acid ; an equal volume of water wa« added 
for compensation to the control flask without the catatyst. 


The h3’drolvsis was carried out in 250 cc. Erienmex'or fla'-ks fitted with n flux 
condensers and placed in an oil b,ith maintained at a temperature of i;o-i25T\ 
at which the mixture was kept genth' boiling. A few pieces of pumice vtre .add' d 
to aid boiling and a few drops of caprvdic alcohol to prevent frothing in th’ t.iiiier 
stages. Samples were drawn at regular intcrx’als to studv th(' extent of hxiird)' *.' 
and for determination of the tryptophane and cx'Stinc contents of the hydn'ly-o.tf \ 
The samples were immcdialety cooled and ncutmhv'd with 10 p' r mu'.ui 

hydroxide added dropwise to a fainth’ acid re.action to litmus tpH ripp:-.i'.:rn U' ty L <>’. 
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The titanium was almost completely precipitated as hydroxide in' this neutral- 
isation and was removed by filtration, the precipitate being washed repeatedly with 
hot water. During the first three experiments, it was observed that a small amount 
of titanium still remained in solution and caused a turbidity in the subsequent 
colorimetric determination of cystine. In later experiments, therefore, the sample 
was made definitely alkaline and sodium carbonate was added till there was no 
further precipitation and the titanium-free filtrate was neutralised with acid. 

Tin was removed completely as sulfide by passing hydrogen sulfide through the 
slightly acid and w'arm sample, filtering and washing the precipitate with hot water. 
Complete precipitation was tested for by further dilution and passing H:S. The 
filtrate and washings were combined and boiled to remove the excess of hydrogen 
sulfide. ■ ■■ ■ 

Analyses 

The titanium or tin-free samples were used for all determinations. Total 
nitrogen was determined by Kjeldahl method and alpha — amino nitrogen by the 
Van Slyke nitrous acid method. When casein was hydrolysed with 6N HiSOi, the 
maximum value for amino N/Total N was found to be 8i per cent, and this was, 
therefore, designated as lOO per cent, hydrolysis, the extent of Itydrolysis in each 
case being calculated and reported on this basis. Cystine and tr37ptophane were 
estimated by Block and Bolling’s modifications of the Winterstein-Folin and Millon- 
Folin procedures, respectively ; these methods were recommended by Block and 
Bolling (3) as accurate. In order to liberate all the tryptophane, the samples were 
subjected to a further alkaline hydrolysis by adding solid sodium hydroxide to 
5N strength and heating in oil bath with refluxing for about 5 hours. Cystine gets 
converted into cysteine in presence of titanium and tin and hence, for determina- 
tion as C3’stinc, the samples were acidified with Itydrochloric acid, concentrated to 
a syrupy consistency on steam bath with frequent stirring and then again diluted 
to original volume by adding water after decolorisation with active carbon. A 
Klelt-Summerson photo-electric colorimeter was used for color comparisons with filter 
S .|2 for trN'ptophane and S 54 for C3'stine. The values are expressed in inilligrarn.s 
per 16 gram.s of nitrogen. : 

1 he results are presented in the accompan3dng table. 


Discussion 
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In experiments 9 and 10, using titanous chloride and tin chlonde, respective y, 
as catalyst and 14 per cent, hydrochloric acid as hydrolytic agent, additional samples 
were drawn after half an hour of hydrolysis and the results confirmed the finding 
that catalytic effect was much higher during initial stages of the ^ ^ 

experiments ii and 12, the hydrochloric acid concentration was reduced to ana 
2N, but no greater catalytic effect was seen at these low concentrations o aci 

These results confirm the findings of Liehen (2) that both titanous chloride and 
stannous chloride accelerate the hydrolysis of proteins by acids. His results, when 
calculated on similar basis, showed a decrease in catalytic effect during later ^ 
of hydrolysis, but he did not notice this trend. It is also to be noted that tie 
catalytic effect was never as great as the figures given by Lieben would indicate. 


The tr>'ptophane content of the catalyst-treated hydrolysate was genera y 
higher than that of the control, indicating that both titanium chloride and stannous 
chloride exert a slight protective action on tryptophane during acid hydrolysis 0 
proteins. 


A few cystine determinations made on the . hydrolysates showed that both 
the catalysts liberated cystine early as was observed by Sullivan and Hess (i) an 
had, besides, a protective action on it. Loss of cj^stine is rejiorted to be 
cent, during acid hydrolysis under varying conditions [McFarlane ei al. ( 4 )' ^ 

and Chibnall (5), Miller and du Vigneaud (6), Bailey (7), Sullivan et al. (8), Hess 
cl al. (9)] . The losses of cystine observed here, particularly in the controls were 
somewhat greater and this is probably attributable to the presence of impunties m 
the commercial casein used ; these are known to increase cystine destruction m aci 
hydrolysates (Lugg, 10). 


SUxMMARY 

The cataljdic effects of titanous chloride and stannous chloride on the hydrolysis 
of casein by sulfuric and hydrochloric acids have been studied. 

The catalytic effect was marked during the initial stages of hydrolysis. After 
about four hours of boiling, no catalytic effect was observed ; on further heating, 
there was a slight retardation in the rate of hydrolysis in presence of the catalysts. 

F,oth catalysts were found to exert a slight but definite protective action on 
trv'ptophane and cystine during acid hydrolysis of proteins. 
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The plan of experiment was to determine the degree of inhibition of all the 
varieties of soyabeans and select a few varieties showing maximum and minimum 
inhibition. These selected ones were used for the determin'ation of their biological 
and supplementary values. 


Experimental 


Degree of inhibition : 

(1) Isolation of the inhibitor. The beans were finely powdered to pass through 

29 mesh and 2-5 g. of the powder was shaken in a stoppered bottle for 3 hrs. 
with 50 c.c. of dilute H2SO1 so that reaction of the solution was The solu- 

tion was then kept overnight in a refrigerator, and the next morning it was filtered 
through a thin cloth. The filtrate was centrifuged and the supernatant liquid 
collected. 

The liquid contained the inhibitor which was always used fresh. 

(2) Preparation of the enzyme: 20 g. of pancreas was taken in 100 c.c. 
20 per cent glycerine, shaken well and kept overnight in a refrigerator. It wa.? 
tlien filtered through a fine cloth. 

Having thus prepared the inhibitor and the enzyme, fresh cow’s milk was 
taken, boiled and its pH adjusted to 7-0 with dilute NaOH. The pH of the 
inhibitor was also adjusted likevdse to 7.0. 50 cc. of milk was taken and icc- 

of the prepared inhibitor and 1 c.c. of the enzyme solution were added and incubat- 
ed at 37 °C for 3 hours. A control (containing only the enzyme and not the 
inhibitor solution) was carried along-with. After the incubation an aliquot ol 
the partly digested milk was taken to which an equal volume of to per cent 
trichloroacetic acid solution was added to precipitate the undigested protein.s. 
It vns then iiltered and the filtcratc was digested for the estimation of its nitrogen 
content. All the varieties of soya beans were thus examined and the results tabulated 
as follows, on the basis of 100 per cent digestion in the control. 


TABLI-: I 



EFFECT OF THE PROTEOLYTIC INHIBITOR ON THE BIOLOGICAL VALUES 


No. 

. Name of variety. 

Degree of 
inhibition. 

No. 

.Name of variety. 

Degree of 
inhibition. 

LI- 

S.B. Yellow No. i 

29 93 

16. 

S.B. tMiite mammoth 

39-70 

17 - 

S.B. 4 

30.00 

rS. 

S.B. Yellow No. i 

2 Q .93 

19. 

S.B. 13 A 

29. SS 

20. 

S.B. 10 

20.87 

21. 

S.B. Cac. 2 

29.28 

22. 

Shillong Black No. i 

28 30 

23 - 

S.B. 16 

27.92 

2-1 • 

Bihar WTiite 

27.9= 

25 - 

S.B. Big 

26. 82 

26. 

White soyabean 

26.41 

27 - . 

S.B. 13 B 

26.2,1 

28. 

S.B. Calc. 7 

25-93 

29. 

S.B. 2 Black 

25-77 

30. 

S.B. Pyneagree 

2.|.02 


Amongst the above thirty varieties four were chosen which showed maximum 
and minimum inhibition, for tlie determination of their supplementar\' and Bio- 
logical values. 


The varieties chosen were the 

S.B. 3 Black 
S.B. Yellow 

S.B. 2 Black 
S.B; Pyneagrcc 


following: — 


39-03 

Maximum 

inhibition. 

38 96 



21-25 

.Minimum 

inhibition. 

21-02 




Supplementary value to Sotitli Indian diet. 

iS rats weighing between 65-75 g. were selected and divided into throe 
groups of six in each, so that the rats in the three groups compared with one 
another with respect to weight, litter, se.\ etc. Group I served as the control and 
received the basal diet, group II received the basal diet with 10 per cent of the 
variety of soya bean containing the maximum amount of inhibitor and gno.ip 111 
received the basal diet with 10 per cent of tlie variety of soy.a l>e;’.n containim: 
the minimum amount of inhibitor. The composition of the baKi! diet us( d 


follows ; — 

T. 

Rice (polivhcii) 



,“0 

2. 

Thur .ih.al 



5 . 

3. 

Brinj.iB 

... 



-!- 

L'-.afy vi-g.'t.ab!'"- 


... 

2 ( 

5. 

Cornmnn s-iii 



t* ^ - 

6 . 

Oil {cingcl'cl 


. -- 

r ' 
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The basal diet without the vegetables was prepared eveiy week but the vege- 
tables and the soyabeans powder were added daily to the diet. The rats were 
weighed every week and a record of their food consumption was maintained. The 
experiment was continued for five weeks and the results tabulated as follows. 


TABLE II 

Supplementary values to poor rice diet. 


Group. 

Rat 

and 

No. 

sex. 

Initial weight 
in g. 

Food 
consumed 
in g. 

Increase in 

weight in 5 
week in g. 

Average weekly 
increase of wt. 
in g. 

(B 

I. 

u 

69.0 

350 

14 


2.6 


2 . 

M 

62.0 

358 

26 


5'i 


3- 

1M 

70.0 

364 

22 


•1-3 

Basal 

A- 

F 

72.0 

362 

21 


4.2 

diet. 

5. 

F 

69.0 

352 

17 


3-4 


0. 

F 

72.0 

355 

II 


2.3 






Average 

3-<ii 


I. 

M 

75-0 

373 

43 


8.5 

(2) 

2. 

M 

69.0 

378 

28 


5.6 


3- 

M 

70.0 

364 

19 


3-8 

Basal 

-1- 

F 

67.0 

352 

20 


4.2 

diet. 

5- 

F 

72.0 

357 

15 


2.9 


0. 

F 

72.0 

387 

4O 


9.2 






Average 

5-70 


I. 

M 

72.0 

371 

30 


5-9 


n 

.M 

70.0 

358 

18 


5.d 

(3) 

3- 

-M 

05.0 

371 

28 


5-5 

jlasii 

-1 ' 

F 

67. 0 

352 

16 


3-' 

iH-t. 

,f • 

I' 

O9.0 

375 

2-1 


4.8 


0. 

I- 

72.0 

360 

22 


4-1 






Average 

4 9 '' 


It L observed from the results that the group two getting a supplernen* ef 
B. { yneigre, who'^e degree of inhibition was 2.}. 02, fared much better than 
th- third group getting a supplement of S.B.3 Black v.ath a degree of inhibitJ»n 
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TABLE III 


Increase hi 

weight with S.B. Yellow and S.B.2 Black 

as Supplements. 


Rat 

No. 

Initial weight 

Food 

Inciease of wt. .Average wceklv 

('•roup. 

and 

sex. 

in g. 

consumed 

in si.\ week.s increase in wt. 





in g. 

in g 


in g. 


I. 

M 

465 

434 

It 


1 S 

(I) 

0 

M 

51.0 

467 

42 


7 0 

Basal 

3 - 


46-5 

454 

35 


5-8 

diet. 

4 - 

F 

• 490 

443 

26 


4-3 


5 - 

F 

51.0 

450 

29 


4.8 


6. 

F 

51.0 

155 

32 


5-3 







.Average 

4.8 

(2) 

I. 

iM 

48.0 

471 

48 


8.0 

Basal 

2. 

M 

52.0 

467 

40 


6.7 

diet. + 

3 - 

F 

52-0 

45 Ji 

40 


fi -7 

10% 

4 - 

F 

47-5 

460 

47 


7.8 

S.B. 

5 - 

F 

50.0 

4 tl 

13 


7 -r 

Yellow 






Average 

7-3 

{3) 

I. 


47-5 

447 

41 


0.8 

Basal 


l\l 

50.0 

459 

46 


7-7 

diet ■*. 

3. 

M 

48..S 

435 

41 


6.8 

10% 

4 - 

F 

51.0 

480 

5 S 


9.7 

S.B. 2. 


F 

51.0 

472 

51 


8.5 

Black. 






.Average 

7.9 


Experiments with the S.B. Yellow and S.B.2 Black varieties show that the 
increase of weight due to the supplementary effect of these two varieties on the 
poor South Indian diet is 2.5 with the S.B. Yellow and 3.1 with the S.B2, Black. 
Thus it was found out that the S.B. Yellow variety (degree of inhibition 36 qO) 
showed less supplemcntarj' effect to the South Indian diet as compared with S.B2. 
Black (degree of inhibition 24.23.) 

The foregoing results show that the proteoljiic inhibitor content of the soya- 
beans has a definite role in the supplementary values of tiie soyabeans, and the 
presence of a higher amount of the inhibitor may be one of the factors rc-sponcible 
for a low supplementary' value of the bean. 

Biological value 

The biological value of two varieties of the soya beans showing ma.vimum 
and minimum inhibition were determined by tlie Balance sheet method, the one 
recommended by Mitchell (1924). 

Six rats weighing between 120 — 150 g. were used for the experiment. Tin 
rats were fed on a laboratory' slock diet for one week and then fed on the nitmctn 
free diet consisting of: — 


Starch 


7i.M 

Sugar 


n n 

Oil 


u> 0 

Salt mixture ... 



A'ea«t extract 

.. 

• 
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Adexolin was added to the feed twice a week at the rate of two drops per 
rat to provide vitamin A and D. The rats were kept on this diet for three days 
and from the fourth day their urine and faeces were collected for four days. After 
the expiry of four days the rats were given stock diet for four days and then 
given a diet containing soya bean having a protein level of lo per cent. 

No urine and faeces were collected for the first three days, as in the former 
case and the rest of the experiment was conducted as before. Similar collections 
of the urine and faeces were obtained by using another variety of soya bean. 
Food consumption records were maintained throughout the experimental period. 

The urine and faeces were collected in special containers having preservatives, 
rhe preservative used for urine consisted of 5% H^So^ containing 20% phenol 
and 1% thymol. The faeces was collected daily and kept in the refrigerator. 
After the experimental period was over the collections of the urine and faeces were 
estimated for their nitrogen content. 

The following tables give the figures of the two varieties of soya beans show- 
ing maximum and minimum inhibition content. 


TABLE IV & V 

Tiijo varieties of soya beans showing maximum and minimum 

inhibition content. 


S. n. PYNEAGRE Group: — 



Weieht of 
food 

nitrogf-n. 

Weight of 
f:ecal 
nitrogen. 

Weight of 
metabolic 
nitrogf n. 

Weight of 
urinary’ 
nitrogen 

Weight of 
endogenous 
nitrogen. 

Biological 

value. 

I. 

<» 

o.ir)i.j2 

o.o,68.S 

n. 091 75 

0.05, ,95 

82.633 

♦ 

<> 

0 170,9 

0.0,35s 

0.10975 

0.05530 

78 .t .).3 


0,5 j(>21 

0. J7K71 

0.030O7 

n 26900 

0.0S050 


\ 

(I 51 lOS 

0 21423 

0.03.S I , 

0 roS25 

0 0,060 

72.625 


0 5010? 

0 I Who 

o 0 jjGh 

o.i 1205 

0 

C 

d 

«2.22, 

u 

0 53'* <3 

0 210,5 

f> 037 ,S 

'>■1 I 35 f> 

0.079,5 

73 6 

• fill!- 


ading) 



\ V( rage 

77910 
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THE HEMATOPOIETIC PROlMtRTY OF THE IRON IN SOYABEAN AND 
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(letemhne the hematopoietic properties of various fotvls. The r- n- r-d pi o h • 
heon to render the rats anemic by proloncer! feeding of .an r.'i!). 

•M»d measure the increase in the level of haemosdobin .at d'-un!;-- inff rr.d'- 
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administering different quantities of the experimental diet. Recent experiments 
have shown that the hematopoietic properties of different foods vary widely. The 
experiments of Elvehjem and Hart (i) have shown that the ionizable or non- 
hematin iron alone is the available iron in food. The available iron in this food 
can be determined by the colorimetric method of Elvehjem and Hart (loc cit). 

However Smith and Otis (2) recently found discrepancies between the values 
for the ionizable iron in certain foods and the available iron. Mitchell, Myi^-s, 
and Beard (3) have shown that the presence of copper and manganese are essen- 
tial for the synthesis of haemoglobin. That a diet, consisting of whole milk, iron, 
copper and manganese is complete, was demonstrated by Kemmerev et al ( 4 )- 

The available literature presents conflicting results regarding the rolation-slup 
of ionizable iron and available iron. Most of the information regarding utilizable 
iron has been obtained by feeding experiments on rats rendered anemic by keep- 
ing on an exclusive milk diet. Under such abnormal conditions it is not unlikcl}^ 
as pointed out by Pye and Mcleod (5) that factors not present in normal rats might 
give rise to complications. In present experiment, the technic of Pye and Mcleod 
(loc cit) which takes advantage of this has been employed. They perform the 
experiments on normal young rats following the haemoglobin values and deter- 
mining the iron stored by them after an experimental period of six weeks. 

The present work was undertaken to study the hamatopoictic properties of 
autoclaved soyabean and processed soyamilk. This question arises in view of 
the work of Desikachar et al. (6), which showed that soyamilk has a high nutritive 
value comparable to cow’s milk. However since cow's milk is deficient in non, 
the hematopoietic properties if any of soyamilk and soyabean powder needs investi- 
gation. Since raw soyabean contains an inhibitor which reduces the biological 
value of the proteins in it markedly, the soyabean powder obtained by grinding 
in an agate mortar was autoclaved for 30 min at 15 lbs pressure to destroy the 
inhibitor. 


Experimental 

fht- tota.l iron in whole milk powrlcr and autoclaved soyabean was determined 
by Jarror s modification of Kennedy’s procedure (7). Whole milk powder and 
raitoriavcd soyal>^an conl.ained respectively 7 mg, and 27.5 mg. of iron per 100 g- 
nf suhU.;aK.e. 
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sulphate and .04 mg. of manganese as manganous chloride was added to supple- 
ment diet every day. The amounts of copper and manganese sufficient according 
to Rose and King (10). The level of haemoglobin was determined by the Newcomer 
method every week in the same day as the weight was taken. 

The table II. gives the amount of milk powder consumed by the rats during 
the experimental period of six weeks and the iron present in the milk powder 
consumed by it. 


TABLE II 


Group No. 

Rat. No. 

diet eonsunied. 

Amount of 

Iron prc.sent in the 
milk powder alone. 

1. 

I. 

380 g. 

2.660 mg. 


2. 

360 

2.520 


3 - 

368 

2.576 

11. 


352 

2. <564 


5 - 

395 

2.765 


6. 

365 

2.555 

III. 

7 - 

370 

2.590 


8. 

380 

2.660 


9 - 

382 

2-67.1 

IV. 

TO. 

330 

2.310 


TI. 

390 

2.730 


12. 

•• 385 

2.695 

V. 

ij- 

388 

2.660 


If- 

15- 

Ui. 

38S 

2.716 

V! 

.(OO 

2.800 



•105 

2-835 


ts-. 

368 

J 5.5 

2.57^^ 

'-*-(«5 

VH 


382 

2.675 


s 


2.75'^ 

"2 , ^ W 
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Table III. gives the number of grams of hccmoglobin per 100 cc. in each rat 
and the total increase in haemoglobin level. 

TABLE III 


Rat 

No. 

Initial 
level Hb 
in mg 

Final 
level Hb 
in mg 

Initial 

weight. 

Final 
weight . 

Inc. in 
weight. 

Tot. inc. 
in Hb. 

Inc. io 
Hb/g. 
in B. wt. 

I. 

S.i g. 

.(.0 

32 g. 

95 

63 

-4-1 

— 0.0650 

2, 

7-7 

.(.2 

30 

.88 

58 

-3.5 

— o.ojgo 

3- 

7 -I 

^.0 

33 

102 

69 

-3.4 

— o.o.joo 

‘1- 

7-7 

6.9 

35 

105 

70 

- .8 

— O.OI I 

5 - 

7-9 

6.8 

31 

loS 

74 

— 1 . 1 

— 0.01.1 

fi. 

8.2 

6.9 

37 

'15 

78 

- ' -3 

— 0.016 

7 - 

8.3 

II.O 

38 

125 

87 

•> • 

/ 

0.031 

8. 

7.8 

II. 0 

32 

1 22 

00 

3-2 


9 - 

7.2 

10.8 

3-1 

119 

85 

3.6 

0.0(3 

TO, 

7-5 

12.8 

33 

12S 

95 

5 3 

0.055S 

II. 

7.7 

13.0 

31 

125 

94 

5 3 

0. 05(10 

12. 

7.9 

13.0 

32 

122* 

00 

51 

o. 05()7 

> 3 - 

8.2 

M .5 

•m 

130 

90 

^>.3 

0.070 

l.|. 

8.0 

11-3 

35 

120 

85 

h.3 

0.07S 

L5- 

7.7 

11-3 

33 

”5 

82 

6.6 

o.oSo 

IG. 

7.8 

II.O 

37 

130 

93 

3-2 

0.03.1.1 

17- 

7.9 

J'.3 

38 

’32 

9 ) 

3.4 

o.<i363 

l8. 

8.1 

10.8 

3^' 

125 

89 

2.7 

0.0301 

10. 

8.3 

1.).2 

3^' 

128 

92 

5-9 

O.Of),( 1 

20. 

7.0 

13.3 

-10 

121 

81 

<•■3 

n.0777 

21. 

7.7 

13.1 

33 

1 10 

77 

5-1 

0.0701 

22. 

7.8 

I.). I 

33 

12^ 

91 

f >3 

o.o(>'i3 

23. 

S.i 

l.(.6 

■10 

128 

8.S 

0-5 

0.0738 

2.(. 

7-3 

13.9 

37 

125 

S.S 

6.0 

0 0750 


Discussion 


The rats in group I were kept on an e.vclusive milk diet had a h.'crnoeinbin 
level of 4% at the end. This is an agreement with the results of several workers. 
Rats fed with autoclaved soyabean sufficient to provide .001 mg. ^gm. body weiglu 
showed a slight reduction in haemoglobin. The response to the iron containing 
supplement rapidly increases, with the amount of iron pn-sent in the diet itnti! 
a level of .004 mg. of iron per gm. body weight in »hc fonn of snyabean p iwder 
produces slightl}’’ higher increase in the ha’inoglobin level ns obtained by feed in;: 
ierric chloride sufficient to provide .002 mg./gm. Ivxly weiglit. The ie.ni.-nble 
iron present in the autoclaved soyabean is of the tot.nl iron. Ihnrc !};<- 

addition of .004 mg. of total iron a.s soyalH^an is equivalent U> tin- ificln'^s-n <•! 
•0022 mg. of ionir.able iron. This pn’duced sliehtly higher b.vmeglolen ri -p 
in the fonn of ferric chloride wliich is wholly ioni.'nblo r.c. .ab'n* o'>^a <*f rcnrati'- 
iron in autoclaved soyabean is utilirable for hammglobin r. gen- tat;, n. lb.'' Jt 'n 
from sovaniilk is utilized to the same e.vtent as th-at iti Rm'* ch.'M.d' . 
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Spinach, lettuce etc., though rich in* iron are reported to be utilized very 
sparingly in rat. However the iron of the autoclaved soyabean and soyamilk like 
that of ferric chloride is well utilized in in the rat. Once the iron is absorbed 
into the body it is not - excreted in appreciable quantities and is hence available 
for haemoglobin regeneration. 


Summary 

1. The haematopoietic property of autoclaved soyabean and soyamilk in 
young rats has been studied. 

2. It is found that the ionizble iron in soj^abean flour closely corresponds 
with the available iron. The soyabean milk is well utilized for the haemoglobin 
formation. 
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Experimental 

First of all the experiments are carried out to grow the- molds on oil seeds as 
well as to obtain them in a pure form. The following oil. seeds are taken for the 

experiment : 

I. Castor seed {Richms Communis) ; 2. Groundnut seed {Arachis hypogea) , 
3 Seasame seed {Seasamum Indicum) ; 4. Safflower seed {Carthamus) ; 5 - 
tard seed [Brassica nigra) : 6. Oil seed from Mysore {Guizotia abysstnwa) and 7 - 
Cotton seed {Gossypium herbaceum)—\hc oil seeds which are commonly used in 
different parts of India. 

Cultivation of molds on oil seeds : The oil seeds are taken in different dishes 
and kept in a big desiccator containing H =0 at the bottom just sufficient ^ ^ 
moisture content of less than 15 per cent, and an arrangement to regulate the 

of air. 

Three varieties of seeds arc kept— seeds without removing the outer skin, seeds 
after removing the outer skin and steamed seeds. On the 5th day, the molds egm 
to grow in the first and the second case. On the tenth day, molds begin to gro\v 
in the third case also. 

It is found that the molds grow very rapidly in seeds without skin since they 
can attack the fat in the seeds with greater case and the molds’ growth is less in 
steamed seeds in the beginning since they arc sterilized. Even though the mo 
grow on all types of seeds after some period, it is better to grow the molds on scccs 
with skin on since it will be more economical. So the different oil .seeds with t c 
skin on arc treated as above and the molds are allowed to grow on them. 


Purification of molds : 'Ihc molds grown on oil seeds arc cultured in artitici-d 
Czapek’s medium in petri dishes and from this pure cultures arc prepared. 

Stainim; jnethod used by Ilayliss, Click and Siem (p) as well as the biologic*'' 
meth'ifl used by Crabill and Reed (10) was employed to detect the lipolytic niokT 
from tl’.f' pure cultures obtained. In general, black, green, yellow, blue and c'liit' 
r:r?A’,n on o;l .-'’ffb arc found to be lipolytic. The following pure ctiUn'''' 
: mold' v.hi> I'l arc li|K»Iytir .to- idcniifu-d atul in thi- ronnerfion we take the opp^'^ 
)r f-, N. K.io, l*rofc'V»r f>f Piotanv, Univcr.'^itv' of Mysore, who h* ' 
'* hp'dytic molds ; {i) Aspcrgilic Sp. ( 2 ) Brniol’m'"' 
Sp. (f)} Fu^uirium Sp, ( 6 ) Oospora 
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Selection of cake medium for mold growth : The next point considered is the 
type of the cake to be used. An experiment is carried out to study the growth of 
molds by using different varieties of cakes for the medium. The ground nut cake is 
prepared from the Ghani method, expeller method as well as by extracting oil by 
cold press method. The three cakes are used for the experiment. 

Each set of experiments consists of lo g. of groundnut cake in 250 cc. flask, 
moistened sufficiently with water and sterilised. The black and the green molds are 
inoculated in these flasks and the flasks are incubated at 37°C. After two days, the 
molds begin to grow on them. On the third day, the flasks are removed and a general 
survey is made. The molds are removed, lipase is extracted and the activity of the 
lipase studied by standard method as in the previous case. The results are given 
in Table II. 

TABLE II 


Set No. 

Name of the 

Difference in cc. 

of N/io sodium hydroxide bet’.veen the 


mold. 

Cold pre-sed 
cake 

sample and the blank 
Ghani cake 

Expeller cake 
medium 

1 

Black 

3-1 

2.9 

2-5 

2 

Green 

2.4 

. 1.9 

t .8 


It is found that the molds grow well in cold pressed and ghani cake medium since 
the oil content in them is more than the expeller cake and further the activity of the 
lipase obtained from the molds in these two cases is also more. As ghani method 
is becoming popular in India, ghani cake is chosen as a medium for further 
experiments. 

The next point to be considered is the selection of a good seed cake for flic 
medium. So the cakes of all the different oil seeds are taken and the )'ellow' mold 
is inoculated in different media containing different oil cakes. 

Each set of the e.xperimcnts consists of 10 g. of different oil seed cakes in 250 
flask moistened sufficient!}' with water and sterilised. The yellow mold is inoculated 
in these flasks and they are incubated at 37°C. for two days and on the third day. 
the flasks are taken out and a critical sur\’ey is made. It is found that a vety good 
growth is oteerv'cd in case of groundnut cake. The lipase is extracted in each case 
.and the activity determined by standard method. The results arc given in 
Table III. 

TABLE III 

DifTcrenc^- tamplc and blant. 

in tnrms of cc-. of N/m 
hydroxidf for thr- lipa*-'* (‘strntti'. 
from mold. 


Ko. of the 

rah» 
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t=rrr=C*s£r;’s:’-"- ^ 

tte P“"* . , -s asaal- "'TfIlSr<l' 

adivity atad.ed as ^ 



i^atne ol 
noW- 


Black 

GteeQ 


ana 1 - 

■i.a P^' — C:A 


0.4 


2.9 

1.9 
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H«eo. 0, 00 --- - tt“" 
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:?4 

.amount of water. TKe flasks are steriUsed and then indculated with 
:incubated,at 37"C for 2 days. On the third day, they are removed ®d ‘he mdds 
are examined. The lipases from the molds are prepared by usual method and 
activity on groundnut oil is studied as usual. The results ate given m Table f 1 . 


Set Name of the 
No. Mold. 


1 Black 

2 • Green 


TABLE VI ■ 


Difference in CCs. of N/io sodium hydroxide between the samp c 
and the blank for the* sample containing the moisture conten . 
lo per 'cent.. -iS per cent 20 per cen . 


It is observed that the water content must be 15 per cent for good growth of the 
molds. From Table VI it is observed that the activity of the lipase is more m case 
of the lipase obtained from the mold grown in a cake medium containing 15 per 
' water content. Hence the optimum moisture content for good growth of mo 
the cake medium is 15 per cent. 

Effect of ageing on the growth of molds. The next interesting factor is the effect 
of time on the growth of molds as well as the activity of the lipase extracted 1 
them. An experiment is carried out to study the effect of ageing on t e groN 

molds. 

Each experiment consists of lo g. of groundnut cake in 250 cc. flask 
with water and sterilised. The molds are inoculated in the flasks and flic a . « 
kept in the incubator at 37”C for different periods. At different time 
flasks arc removed and the mold growth is examined. The lipase is prepar 
the molds and activity determined. The results are given in Table VII. 


, TABLE VII 

s 7 t Namr of the DHrlrcl^^in CCc. of N/io NaoH between sample and 

No. mold. Tst =nd 3rd .,th 5 tb 6th day of exper^ 


I Black i.,j 3.2 2.9 2.0 0.0 

j Green 0,5 2.1 I.Q 0.8 0.3 


But flbin 


It i‘' found that the growth of mold increases with ageing. ^ 

Table VII. it can be clearly ob'crved that the activity of the lipase obtained 
the moM inrrea-jfs only uplo the second day and then Ixfgins to df'crease gradua / 
lun tie third day. llcncf% even though the growth f»f tlie mold goc- on inert .eiin., 
}t!t llmr. tie- in.iximum a''tivity of the lipi-" i-. obtained from the mold onU *'* 
..Tond tl tv. So it is ly’.tfr tf* grow du nudfls ff»r two dav', in th'- cake rntduuu 


from 

ti;.' w.-ond <*. ty. r'o u !s ly.ur 5f* r 
.•,nd th-'t extra- t tl.-* hpi-f frfun it 
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Each set of the experiment consists of 10 g! of cake moistened sufficiently with 
•water in a flask and sterilised. The flask is inoculated with the mold and air is 
passed -at different intervals of time. The flasks are incubated at 37°C. for two 
days and tlien they are removed and the mold growth is examined. The lipases 
are prepared from these molds by usual method and their activit}' on the ground 
nut oil is studied and the results are given in Table VIII. 


TABLE VIII 


Set 

Name of the 

Difference in CC. 

of N/io sodium hydroxide between 

the sample 

No. 

mold. 

and the 

blank when the time of aeration 

is 



0 minutes ; 

5 minutes ; 10 

minutes 

I 

Black 

3-2 

7.8 

O..] 

2 

Green 

2.1 

1-5 

0.7 


It is found that the aeration increases the growth of molds to appreciable extent. 
But from Table VIII, it is obser\'ed that lipol3dic activity decreases with aeration 
and after ten minutes aeration, it may almost tend to zero. Hence, even though 
the aeration increases the growth of lipolytic molds, it retards the activity of the 
lipase extracted from the mold. So it is advisable to avoid aeration 'while growing 
lipotytic molds. 

Effect of temperature on the growth of molds : An experiment is carried 
out to find the optimum temperature for the best growth of lipol3dic molds in oil 
seed cake medium. 

Each set of tlie experiments consists of 10 g. of cake in a flask moi.stoncd 
sufficientlj' with water and sterilised. The flasks are inoculated with the molds and 
incubated at different temperatures. After two daj's, the flasks are removed and 
examined for the growth of molds. 

The lipases from the molds are extracted using standard methods and their 

activity on ground nut studied as usual. The results are given in Table l.X. 

* « 

TABLK IX 

Set N.imc of the Difference in CCs. of N/io Sodium liydroxide l)ct«cer) thi' ^-inipy 

No. mold. and the blank for .“sample incubated at 

32 X 35'C 37'C 

t Black 2.6 3.3 3 -^ 

2 Green 1.5 2-5 2 i 


It is found that the growth of the molds is appreciably good at tl;e tnnprmturc 
35 to 37'C. The maximum activity of the lipase is also obi.iincd al 35 !■' 

Hence, the optimum temperature for the growth of lipolytic molti !< 35 L. 


Effect of different salts an the gra:rth of molds : The l.i'^t fact- r t > 
dered is the effect of diffenml salt- on she growth of sn-i’d- in 
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The salts taken for the ’ experiment are sodium cUoride, sodium nitrate, 
Sdum chloride, ammonium sulphate, ferrous sulphate, cMc ^ 
phosphate, dil. HCl, acetic acid, alanine, tnolein, ® ^ 

normal solutions of the above substances are prepared and used for the expe 

Each set of the experiments consists of lo S; ^ 
sufficiently svith water, l cc, of salt solution and Amoved and 

with the molds and incubated at 37 C for two days. T y ^ j 

the mold growth is examined. The lipases from these ^^"‘”f“en in 

the standard method and their activities determined. The resu g 

Table X. 



It is found that generally organic salts accelerate the 
of inorganic salts, ammonium sulphate is the best accelerator an i . ^ 

acetic Lid are good. Out of the organic salts, glycerol and tnolein 
accelerators. Hence, it can be seen that even though organic ^ 

are good accelerators, carbon compounds like triolein and P 

growth of lipolytic molds to a very great extent. The lipases obtaine , 
grown on the cake medium containing ammonium sulphate, tnolein an 
are more active. So it is better to use organic compounds containing ca 
accelerators for promoting good growth of active lipolytic molds. 

So from the above paragraphs it can be understood that black 
castor and green mold from ground nut can be grown on ghani cake of groun 
with optimum />H-5.8 and moisture content 15% at 35 to 37°C. and the ipa 
can be extracted from them after two days. 

Different factors vhich control the activity of mold lipases : It is 
that black mold grown on castor seed and green mold growm on ground nut s 1^ 
greater lipolytic activity and the optimum conditions for their maximum Rtn'' 
are studied. 

Th‘ “^' mold*' arc wa'-hed well with sterilised water and then trcate<l 
jv troh '.un tth.- r to kill the cell-. Then they are completely dried at room tempi n* 
tnrt. to rerr.nvt th-* folvt-nt adhering to it. They are powdered well, sieved thmue* 
, jn- -h '-h'vc *ir.d p.''- * rvtd in bottle',. 
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Effect of the nature of the buffer, substrate and lipase on the activity of 
mold lipases : The hydrolysis of different oils by the mold lipases using different 
buffers are carried out. 

Each set of the experiments consists of i cc. of oil, 5cc. of ^Yate^ ; o.i g. mold 
lipase ; 2 cc. of buffer mixtures of varying pH value and incubated for the 24 hours 
at 37°C. Always a blank accompanied the sample. After the period of incubation 
the content is taken out and titrated against N/io NaOH after the additions of 
25 cc. of neutral alcohol and warming for sometime. Necessarj' precautions arc 
taken to take readings under sterile conditions. The difference between the sample 
and the blank in terms of cc.s of N/io sodium hydroxide wall give the acti^d^y of 
the lipase. The results are given in Table XI to XIV. 

TABLE XI 


Lipase: Lipase extracted from black mold. Buffer: Disodium phosphate citric acid. 

Difference in ccs. of N/io NaOH between the sample and the 

blank for 


1 Set No. 

Oil in CCS. 

pH. value 

Castor oil. 

j 

G. Nut oil 

Seasame oil 

Safflower. 

Mysore. 

Mustard. 

Cotton src( 
oil. 

1 

I.O 

3-1 

7.5 

8.2 

2.2 

1.8 

1.2 

1. 1 

0.9 

2 

I.O 

3-2 

8.3 

10.6 

2.9 

2.1 

2.8 

2.0 

1.2 

3 

I.O 

4.8 

9.2 

13-2 

3-5 

3-1 

3-9 

3-7 

2-3 

•t 

I.O 

5-2 

10.8 

I5-I 

6.2 

5-9 

5-2 

9.8 

7-2 

5 

I.O 

6.2 

19-5 

19.8 

13-5 

8.2 

JJ 3 

7 -1 

5-9 

6 

I.O 

7.2 

22.5 

9-5 

8.2 

12.4 

6 4 

0.1 

■1-3 

7 

I.O 

7-A 

17-3 

5-1 

7.6 

0.9 

5-2 

5-~ 

3 2 

8 

I.O 

7.6 

5-8 

3-2 

5-2 

3-8 

3-8 

■1 3 

2 7 


TABLE XII 


BurrER : 


Set No. 


I 

3 

■! 

5 

6 
7 
S 


Disodiura phosphate — citric acid. 


Oil in CCS. v.alue. 


1.0 

3-1 

r.o 

3-^’ 

r.o 

4-8 

1.0 

5-2 

I.O 

0.2 

1.0 

7.2 

1.0 

7'-f 

I.O 

7.f. 


Oil: Groundnut oil. 
DifTcrenre in ccs. of N.'io N.iOH 
between the sample .and i! '• 
bl.mk for 

Black mold. Green sr.-’M 


8.2 

5 

JO (> 


LT2 

in M 



If) S 


5 

* T 

.1-i 

: ' 

? 2 

3 2 
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TABLE XIII 


Buffer : 

Sodium phosphate- 

—Potassium phosphate. . 

Oil : 

Difference 

Groundnut oil. 
in CCS. of N / 10 NaOII 




between 

the sample and the 




• 

blank for 

bet No, 

Oil in CCS. 

pH. value. 

Black mold. Green mold 

lipase. 

1 

2 

I.O 

I.O 

5-28 

5-90 

g.6 

10.8 

10.6 , 

12.3 

15-6 

13.8 

• II. I ■ 

9.6 

7.6 

3 

4 

5 

6 

7 

I.O 

I.O 

I.O 

I.O 

I.O 

6.46 

6.97 

7.16 

7.38 

7-73 

13-4 

12.2 

10. 1 

7-3 

5-2 

8 

I.O 

8.04 

3-1 

5-1 


TABLE XIV 


Buffer : 

Sodium hydroxide — Potassium phosphate. 

Oil: Groundnut oil. 
Difference in ccs. of N/io NaQH 




between the 

sample and 




blank 

for 

Set No. 

Oil in CCS. 

pH. value. 

Black mold. 


Green mold 





1 ! 

I 

I.O 

6.0 

5-9 


JO. 8 

2 

1.0 

6.2 

9.8 


13-9 

3 

I.O 

6.4 

11.2 


I I.O 

■1 

I.O 

0.6 

9-7 


10. 1 

5 

I.O 

0.8 

8.3 


9-7 

6 

1.0 

7.0 

7.6 


7-2 

7 

I.O 

7.2 

6.1 


5-^ 

s 

T.O 

7-4 

5-8 


4‘.1 


It ran hr non that the optimum p\l changes to a certain extent with the nature 
of the pulKtratc as well as the nature of the lipase and nature of the buffer. J 
all th'^ Upa-ON, lipan; obtained from green mold grown on ground nut is the 
^in- e it the maximum activity in it? own oil as well as appreciably 

attivily in fith.'-r oiL. The activity (d the mold lipase i'; maximum in its ov.*n 
and trro'tnrUn.tt oil i-. l'.ydr.)!y.-/-d appreci.ably by all mold lipases. 


oi! 


th’‘ optimum /dl r.f th'- mold lipa-e i> alrno'.t the same a^ th’-t of 
Ihitse;'. Lip't e-, it s e\p/-ct. that tilt? may b^-havc like pancreatic lip'^"^*' 
H- n ' . i’ ri' !-» tnt'-r*' 'in” *0 ttidy th* -»• mold iip'o' - in det.ai! tO' they w'ili 1^ 

't « bd :r: ■'1% '.'r-l v r-, av-sid th.e di ^ a't: can-ed due to indige-tibiHt) 
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Hence it is observed that green mold from groundnut and black mold from 
castor are very active, groundnut oil is the best substrate and disodium phosphate- 
citric acid buffer is the best buffer. 

Effect of buffer concentration of the hydrolysis of groundnut oil bv different 
mold lipases : Each set of the experiments consists of i cc. of the groundnut oil, 
5 cc. of water, o.i g. mold lipase and varjdng quantities of phosphate buffer of 
6.2 incubated for 24 hours at 37°C. Always the blank accompanied each 
sample. After the period of incubation, the content is titrated against N / 10 NaOH 
after adding' 25 cc. of neutral alcohol and warming for sometime. Necessan' 
precautions are taken to take readings under sterile conditions. The difference in 
terms of ccs. of N/io NaOH between the sample and the blank will give the activitj'’ 
of the lipase. The results are given in Table XII. 


TABLli XV 


DifTercncc in ccs. of N/io NaOII 
between the sample and blank for 
Set No. Oil in ccs. ^ Ccs. of buffer Castor. Groundnut 

added. lipase. 


I 

1.0 

I.O 

1.1.2 

17.1 

2 

1,0 

2.0 

19. s 

1S.8 

3 

1.0 

3-0 

15-2 

iG.S 

4 

I.O 

.1.0 

12.8 

113 

5 

I.O 

5-0 

10.1 

10.2 

6 

1.0 

6.0 

y 2 

S 0 

7 

1 .0 

7.0 

7 3 

S 0 

8 

I.O 

S.o 

0. 1 

7 1 


From the above table, it can be seen that the maximum activitt' is obt.iimd 
when the buffer concentration is 2 cc. Hence, tlic optimum buffer concentration 
for enzymic hydrolysis of the oil is 2 cc. 


Effect of substrate concentration on the hydrolysis of i^tomuhnit <nl 
by different mold lipases : Each set of the experiments rciisisis of v.iryinc 
quantities of groundnut oil, 2cc. of phosphate buffer of (>.2 /'ll. 5 ce. of w 

and 0.1 g. of lipase incubated for 24 hours at 37''( . Afler the pcn’ofl oi iru ulnU'in. 
the contents is titrated against N 'lo NaOH after the addition of te. ol 
alcohol and warming for sometime. AUv.a\s each set is accnmp.miul by 
Necessarv’ precautions are taken to tak-' re.ulinc mujci sttulc <ii;n!!oe, 
difference in ccs. of N/lO sodium hydroxide between tin' .•v.ijnp.c .’ind th 
will give the activity of the lipase. I he rc-nlt'- aiv -civen in ! N\I. 


r,' 

M -nv. 
1 ; ' 
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From table XVI, it can be seen that the maximum activity is obtained when 
fte suXL — .;tion is . to 3 cc. and hence the optimum substrate concentm- 
tion is 2,3 cc, depending upon the nature of the lipase. 


TABLE XVI 


Set No. 


Oil in CCS. 


Difference in ccs. of N/io NaOH 
between the sample and the blank for 
Castor. Groundnut 


1 

2 

3 

4 

5 

6 


I.O 

19.8 

18.8 

2.0 

20.6 

21.9 

3-0 

25-3 

17.4 

.^.0 

19.9 

15-2 

5-0 

17.6 

12.6 

6.0 

15.2 

9.9 


Effect of enzyme coneentration on the hydrolysis of groundnut ^ 
different mold lipases : Each set of the experiments consists of i cc. of groun nu 
oil, 2 cc. of buffer, 5 cc. of water and varying quantities of the enzyme lipase a 
incubated at 37°C for 24 hours. After the period of incubation, the con en 
titrated against N/io NaOH after the addition of 25 cc. of neutral alcohol a 
warming for sometime. Always a blank accompanied the sample. 
precautions arc taken to take readings under sterile conditions. The 1 crcnc 
between the sample and the blank in terms of ccs. of N/io NaOH will give ic 
activity of the lipase. The results are given in table XVII. 


TABLE XVII 
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TABLE XIX 


Set No. 

Name of the salt. 

Difference in ccs. 
the sample 
Castor. 

of N/io 
and the 

NaOH bebveen 
blank for 
Groundnut 
mold lipase. 

I 

Albumin 

+ 0.2 


+ 0.8 

2 

Sodium Taurocholate 

+ 3-2 


+ 4.9 

3 

Gum Arabic 

+ 1.2 


+ 0.8 

•4 

Ascorbic Acid 

+ 1-5 


+ 0.5 

5 

Citric Acid 

+ 2.8 


+ 0.3 

6 

Acetic Acid 

+ 2.3 


+ 1-3 

7 

Strj'chnine Chloride 

-2.5 


— 1.2 

8 

Strychnine sulphate 

+ 0.3 


-0.9 

9 

Glycine 

— 1.0 


+ 1.4 

70 

Sodium acetate 

+ 2.2 


+ 2.4 

n 

Nad 

+ I.S 


+ 1.2 

12 

NaNO, 

— 2.1 


-r .3 

13 

(NH,).- SO. 

+ 1.2 


+ r .7 

i-t 

Mn SO, 

+ 2.3 


+ 2..‘5 

15 

Na, PHO, 

+ I.Z) 


+ 1.2 

16 

Klij PO, 

+ 2.3 


4 4 '® 

17 

Gael , 

— 1.2 


+ 0.7 

18 

HCl 

+ 2.6 


+ 1.6 


1'rom the above table, it can be seen that a definite conclusion cannot be drawn 
as regards the effect of the nature of the salt on the activity of the lipase since the 
same salts accelerates in one case and sometimes retards in another case. From 
the organic salts, sodium taurocholate, gum arabic and sodium acetate arc the best 
accelerators and ammonium sulphate, KH= PO4, Mn So, and HCl are tlie best accelc- 
ratoc'. out of the inorganic salts. Further the salts used for preparing buffer solu- 
tions do not retard the lipase activity. 


CoMr.auisov nr.Twr.r.N DiriTnnsT pREPAR.tTioNs of lipask as regards tufik 
.VTivnv 


the activity f>f the lipase prepared by Longnecker’s method goes on 
dM r. .-iru: f>n nr. ing, different preparations of the Hpase are made and their activity 


aV' Ui 

tri* *Mr ,t 


tr.dad in firdcr to get a sample which keeps jg., activity tippreciablv 


i tiriv 


ifinetinu 




set of fu ^^zyme 'r 

<ina° “tesfs 

— ta 

^o. _r. ^^'flerence '^•‘ ''''T'''^^^^^ 

1 ._^cd. ^^^roleurr, , ^ ‘ >ind 

2 ° ^'nute.s ^n/.vtu ^ceronp ,, ■ 

Hours XO..S W 



xj.g 

xr S 

•S 

X5-a 


9 ; 

XT.6 

^■>■3 

^ ^ • 2 

xo.s 

xo.o 

xx.s 

9.9 

9-3 

^05 

9.r 

9.0 

9.S 

S.8 

7.iS 

9.2 

®-5 

0 0 

5 6 

5.2 

C..J 

5.1 

7-9 

0 I 

7-9 

7.2 

5.S 

~ 5 

G.S 

5 5 

7 0 

0.2 

■1-9 

f"'.} 

5-2 

■i 0 

O.o 

■l-l 

■1 0 

Oo 


'""" '“-or TJ'^'’^ "><>'0, „ , 


^ ^let/iod .•- ^'P^sos c'ln i 

"orJcocJ o,d r *' ui r;, • 

■ -'^(iJd/cd /n f 

(Hul. ^ /ndfj\ 
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INFLUENCE OF DIETARY FATS ON CERTAIN CONSTITUENTS OF LIVER, 
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REFERENCE TO FAT UTILIZATION 
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Growtli experiments oh rats have been extensive!}' carried out to siiow tiie 
relative nutritive values of various dietar}' fats. Deuel cl al (i) found no difference 
in the growth of weanling rats fed on an adequate diet in which the fat component 
was butter, margarine, groundnut, maize, cotton-seed or soya-bean oils, liven 
when reproduction and growth-rates were studied over ten generations, Deuel ci al 
(2) found that margarine could adequately replace butter. Henry cl al (3) con- 
cluded from their rat-growth experiments that it is unlikely that butter-fat possc.ss<‘s 
nutritive properties superior to those of other fats. On the other hand, Boer cl 
(4) reported that the growth with summer-butter-fat was slightly but significantly 
greater than with groundnut, olive and rape-seed oils. The substance responsible 
for the superior growth was traced (5) to vacccnic acid. Later, however, Jansen 
(6) stated that consistent results were not obtained with purified vacccnic acid. Tlie 
recent reports of Deuel cl al (7), Nath cl al (8) and Euler cl al {9) would seem to 
establish that vaccenic acid has no growth-stimulating action in rats. 


The digestibilit}' of various types of fats and oils has been the subject of ver}' 
extensive investigation (10-18). The general trend of evidence would .shfiw that 
most of the commonh’ used animal and vegetable fats including some h\'drogcnati'd 
fats (with the probable exception of those few having large proportions of ste.arir 
acid) are digested to essentially the same degree of compIeicncs.s. 

Verj' little work has been done on the comparative composition of rat- fed 
with different fats. Deuel cl al (iq) determined the composition in tenus w.-sor, 
protein, lipid, carbohydrate, ash and calcitim of bodies of rat- rerriviug 
fats. Loeb and Burr (20) reported the composition in terms of tot.rl lipid, nou-iiied 
iolids and water-content of rats raised on fat-free and fat-,<upplenient''d fiii 


The present study has been designed to determine whetluT tin r<’ 
ences (i) between the growth-rates of rats re-eiving refined gromnlnut 


any difi< r- 
, p.n 
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(of M.P. 37 °C) made out of it or cow-ghee as the main source of fat, (n) betwee.n 
the degrees of utilization of dietary fats, and (m) between certain constituents of 
liver, blood and body of rats raised on these fats. ■ ' 


Experimental 


Sixty-four litters (32 males plus 32 females) were weaned after 28 days when 
they weighed 34 to 43 g. They were placed for four weeks on a practically 
fat-free synthetic diet composed of com-starch (65%), extracted casein (i 5 %)> sugar 
(10%), yeast (5%) and Osborne and Mendel (21) salt-mixture ( 5 %)- They verc 
then divided into four groups of 16 each (8 males and 8 females) Group A was 
allowed to continue for twelve weeks more with the same fat-free diet and the ot ler 
three groups were put for twelve weeks on the experimental diet composed of 
starch (20%), extracted casein (30%), sugar (10%), fat (30%), Yeast (5^) an ^ 
salt-mixture {5%) — Group B receiving refined groundnut oil ; Group C, vanaspati 
(of M.P. 37°C) prepared out of it and Group D, cow-ghee. The fat-free diet as we 
as the fat-supplemented diets were supplemented with vitamins A, D and E, eac \ 
receiving daily 60 I.U. of vitamin A and 10 I.U. of vitamin D and 0.5 nig. of 
pherol acetate in propylene glycol. In the case of the ghee group, the vitamin 
that was already present in the ingested ghee was taken into account in supplment 
ing the diet with vitamin A. The protein content of the fat-supplemented icts 
was increased from 1580 to 30% as it has been well-established (22) that ingestion 
of high fat and low-protein diet results in the production of dietary fatty livers, 
irrespective of the nature of the fat used. 

The rats of each group were given ad libitum feeding. Weekly records of 
weights of rats during the experimental period were maintained. Ihe results arc 
given in Table 1 . For each group, the faeces were collected in bulk under alcoio 
for the entire experimental period at the end of which, the faecal fat was extractcc 
and Used for a separate study on the fatty acids composition of faecal fat, the results 
of which will be reported in subsequent communications. 


W’hen the rats reached the 12th week on the experimental diet, metabolism 
studies were carried out. For five daj’s, the faeces were collected indivicluali), 
pooled in grrnips of four from the same s,eries and sex, dried and analysed for 
by Soxhlot extraction with ether so as to determine the digestibility of the fats. 
The rt-uU.^ are shown in Table II. 

At tin etui of the expt'rimental pcritKl. the rats wore anac..(hetized and the blood 
v.ith<Ir.nMi from the abdominal aorta. The blood-samples were pooled m ^ 

*' of f(',t!r a- mentioned befijre in te.-t-tube-, containing a f'W’' ^ j 

i Ir.itrj t e.nd imnsefiirttidy centrifuged, ’i'he total cholesterol and ti'*' 
in tl'.e p! > rn.i .■fp.u.tted were determined by Floor's method /ZJ/ 
the rofiifu- mimb -r of plasma f.ilty acids, Yasuda '■ nu 


v.,t- 


of 


-n't' 


o mu; O'.ori 


1 
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acids by Bloor’s method (23) and Yasuda's method (24) was followed for the deter- 
mination of iodine number of liver fatty acids. For Vitamin A assay in the liver, 
Moore’s method (25) of extraction of Vitamin A from the alkaline digests of liver 
was followed and the intensity of blue colour developed with antimon}'-trichloride 
reagent was measured in Pulfrich Photometer using filter S.61. The Vitamin A 
content was expressed as B as suggested by Jensen and With (26). The 
results on liver and blood analyses are shown in Table III. 


• The gastro-intestinal tracts were discarded and the combined bodies of the 
same groups of four rats as mentioned before were finel}’- chopped with a meat- 
chopper, minced into a pulpy mass in a meat-mincer and homogeneously mi.xed. 
A suitable aliquot of the minced mass was dried and analysed for fat by Soxhict 
extraction - with ether. Body-fat was extracted from the rest using alcohol and 
ether. The entire defatted body was dried and finely ground in a mechanical 
grinder. One-fourth of the powder was dry-ashed by the method adopted by 
Sherman and MacLeod (27) and on the ash-solution, calcium was determined by 
the procedure of Shohl and Pedley (28). Iodine value of the extracted body-fat 
was determined by Rosenmund and Kuhnheim’s method as described by Vcrc-zoncs 
(29)^ Per cent of body-fat and body-calcium were calculated on the basis of wet 
weight of the bod}' minus the gastro-intestinal tract and liver which were removed. 
The results of bod}' analyses are given in Table II. 

The combined body-fat from each series was analysed for detailed fatty acids 
composition, the results of which will be reported in subsequent communications. 


TABLE I 

Groivth-ratcs of rats ov synthetic diet ’without or 'with fat supplements 
over a period of 12 -weeks 

(.Avi-mgc v.tUu's of S 


(Iroup 

Fat used. 

Rat No. 
and sex. 

M’cight after 
.] weeks on 
fat — free diet 

g- 

Weight after 

12 weeks on 
experimental 
diet g. 

.Average x\c 

increase' i 

weight g 

A 

No. fat 

I to 
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TABLE II 

Disestibility of T/lim fltLppLents 

(Average values of four rats) 


4 ) -3 

A o 

- o 

•S p< . 

•3 s « 

43.2 ^ 

.2 B -a 
.o ^ 

•g ri ^ 
O “m-, 

(i4 B o 


I to 4 

M 

5 to 8 

M 

9 to 12 

F 

13 to 16 

F 


78.5 

77.8 
67.2 

68.9 


6.78 

0.21 

11.02 

58.1 

0.70 

6.60 

0.18 

— 11.54 

59'8 

0.73 

6.18 

0.22 

11.28 

58.7 

0.81 

6.21 

O.J4 

II.9I 

59.6 

0.82 


I to 

4 

72.2 

21.66 

6.92 

0.76 

96.47 

13.81 

81.2 

0.88 

M 

5 to 

8 

73-3 

21.99 

6.71 

0.81 

96.32 

14.90 

84.9 

0.90 

M 
9 to 

12 

61.8 

18.54 

6.20 

0.79 

95-74 

14.12 

80.3 

1.02 

F 

13 to 

lO 

62.2 

18.66 

(■>•33 

0.80 

95-72 

14-33 

80.9 

0.99 


c 

I to 4 

71.9 

21.57 

6.81 

1.04 

95-19 

15.24 

72.4 

0.89 


M 
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74 8 

22 44 
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1.19 

9 » -(>9 
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.M 
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6 Oi 

J.OS 

91.10 

14.02 
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TABLE III 

Liver and blood analyses of rats raised on synthetic diet withotit or 

with fat-supplements 

(Average values of four rats.) 


0 

tf) 

U 

0 

> 

Per 

cent fresh 
liver. 

U 

0 

> 
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Per 100 cc. of 
blood plasma. 

rt 
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Vi 

Group. 
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VVt. of Fresh 
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Total Choles- 
terol. 

Total fatty 
acids. 

fod. val. of 
fatty acids. 

Liver vitamin 

•“icm 

Total Choles- 
terol mg. 

Total fatty 
acids mg. 

cx 

U 

> 

- 
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68 
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M 
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80 
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F 
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72 
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TABLE IV' 

Relationship between the Iodine value of 'dietary fat and ■ that of body, 

liver and plasma— lipids ^ of rats 


j ^ ; 

Name of dietary fat. . 

lod. val. , of 
dietary fat. 

Average lod. 
value of Body- 
fat. 

Average lod. 

value of 
plasma fatty 
acids. 

Average lod. 
value of liver 
fatty acids. 

■ No fat 

— 

59-0 

92.7 

117.2 

Refined groundnut oil 

93 

8r.8 

138-5 

118.2 

Vanaspati (of M.P. 37°C) 

66 

72.1 

117.7 

117-5 

Cow-ghee 

41 

62.0 

119.7 

118.7 


Discussion 


Table I shows that the average weekly increase in weight of rats receiving 
synthetic diet without or with the different fat-supplements is practically of the 
same order and the influence of refined groundnut oil, Vanaspati (37°C) and ghee 
on promotion of growth of young rats is practically the same. Deuel et al (30) 
have sliown that on a really fat-free diet, growth of rats is poorer than on diets 
supplemented with fats. The diet used in the present work, however, was not 
rigidy fat-free. Although casein used Nvas extracted thrice with alcohol, the diet 
in bulk was not absolutely fat-free. 


Burr and Burr (31) and IMcAmis et al (32) simultaneously reported that normal 
growth is impaired and characteristic fat-deficiency symptoms develop in rats fed 
on dict.‘i adequate in all respects but rendered rigidly fat-frec. Burr and Burr f 33 ) 
.‘^howed further that linolcic acid and possibh' other unsaturated acids can cure this 
fat-deficiency disease. In the present e.xperimcnts, however, rats receiving practi- 
cally fat-free diet did not show any fat-deficiency symptom. This can bo explained 
by the fact that the diet used was not rigidly fat-free, it contained 0.38 per cent 
ether-extractive.';. Moreover, it has been reported (34) that corn-starch contain.^ 
alwut o.b per cent of fatty material which is within the granule and is non-extract- 
abiC. It iviv ab-o been shown (33, 36) that yeast contains 2.5 to 4.0 per cent of 
lipid-- vhicli are firmly Iwiind and non-<-.\tractable by ether. Kv'ans and J.epkovsky 
1.,,) h.ivf furiluT ob,-/.r\'ed that trace of fatty acid.s in corn-starch, about 0.5 

!-. -ufi'e'ient to cun- the fat-deficiency disease of nits in a .^-pcctacular manner. 
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Practically no difference in the percentage of body-fat is noted between the 
three groups of rats receiving refined groundnut oil, Vanaspati (37°C) or ghee. The 
body-fat content of rats raised on fat-free diet, however, appears to be slightly lower 
than that of the fat-supplemented groups. There is no significant se.N-difference in 
the deposition of fat in the body of rats raised on fat-free or fat-supplemented diets. 
Boycott and Demant (38) stated that female rats tend to have a slight!}? higher fat 
content. Deuel et al (19) also have reported that female rats have a slightly liighcr 
fat content than the males. On the other hand, Bachmann et al (39) found no 
appreciable difference in fat-contents of male and female rats. Loeb and Burr (20) 
also could not find a significant sex-difference in the storage of fat in normal rats. 


The unsaturation of body-fat of rats when compared with that of the corres- 
ponding dietary fat, shows that the fat stored in the body is influenced to a great 
extent by dietary fat. Anderson and Mendel (40) reported a close parallelism 
between tlie iodine number of body-fat and that of food-fat when the latter furnished 
60 per cent of the total energy-intake. The iodine value of the body-fat of rats 
raised on groundnut oil diet has been found to be slightly higher than that of butter- 
fat group or Vanaspati group. During the process of absorption and deposition, 
however, it appears that the ingested fat may undergo desaturation or saturab'on. 
These are indicated respectively (1) from the higher iodine value (62.0) of the body- 
fat as compared with the iodine value (41) of the ingested butter-fat and (;Y) from 
the lower iodine value (81.8) of the body-fat as compared with the iodine value (93) 
of the ingested groundnut oil. On the fat-free diet, fat of comparatively lower 
iodine value is synthesized and deposited. 


With regard to calcium deposited in the body of rats, the storage appears to 
be slightly lower in rats on fat-free diet than on the fat-supplemented diets. The 
calcium-content of the body of rats raised on groundnut oil, Vanaspati or ghee is 
practically identical. The percentage of calcium deposited in females .appears to 
be slightly higher than that in male rats. The difference in calcium-contents of 
male and female rats is practically of the same order as that reported by Shennan 
and MacLeod (27), Shennan and Booher (41), Lanford ct al (42) and Deuel cl a! 
(19). The latter authors consider this small se.x-differencc as significant. 


The results on blood analysis show that there is practically no difference in the 
concentration of total cholesterol or total fatty acids in the blood-pla.sma of rats 
raised on groundnut oil, vanaspati or ghee diet. T he unsaturalion of plasma fatly 
acids of rats receiving groundnut oil has been found to bo slightly higher than that 
for rats receiving vanaspati or ghee. The degree of unsaturation of tlic pla'-nia- 
fatty acids and the values for total cholesterol or total fatty acids on fat-fnv die > 
are lower than the corresponding value.s on the fat-supplemented diets, a distinct 
fall in the degree of unsaturation of the scrum-fatty acids as well as in the cono ti- 
trations of total cholesterol and total fatly acids in the blood of rNp-. rimentrd anini;..!- 
on an extremely low-fat diet has been consistently rsporreo (33- 4 .v -' h 
tendency for the iodine number of the senim-Hpoids to v.ar}' directly ami 
total amount of senim-lipoids to vary inversely uith the iodine minilv:: ot t: 
f'tt has al.so been reported (44, 46, 47). 
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• The values for total cholesterol and total fatty acids of the liver ^d iodine 
value of liver fatty acids have been found to be more or less the same in the fat-free 
group as well as in the fat-supplemented groups and fall within the normal range. 
The normal deposition of liver-fat has not been affected by the nature of the dietary 
fats studied. 

The analyses of liver-vitamin A reveal no significant difference between the 
fat-free group and the fat-supplemented groups. Storage of vitamin A in the liver 
has not been influenced by the ingestion of any of the three fats studied. 
Thorbjamarson and Drummond (48) found that rats receiving no other fat than 
3.6 mg. cod liver oil daily stored normal amounts of vitamin A in livers. Sobel 
et al (49) compared vitamin A liver-storage in rats and observed that vitamin A 
is far better absorbed from aqueous media than from an oily solution. 

The evidence regarding sex-difference in vitamin A storage is conflicting. 
Baumann ef al (50) and Lemley ei al (51) reported that there is no sex-difference, 
whereas Brenner et al (52) observed that under comparable experimental conditions 
females store more vitamin A in the liver than males. In the present study, no 
sex-difference in vitamin A storage is observed. 


Summary 

(1) Four groups of rats were raised on synthetic diet without or with different 
fat-supplements viz., refined groundnut oil, vanaspati (of M.P. 37°C) made out of 
it and cow-ghee. No significant difference in the growth-rates of rats of the four 
groups was ohserved. No fat-deficiency symptom developed in rats of the fat-poor 
group. 

(2) The digestihility of the three fats was found to he practically identical 
and was of the order of 95 per cent. 

(3) Practically no difference in the percentage of hody-fat is noted between 
the three fat-supplcmenlcd groups. The body-fat content of rats of fat-free group 
appears to be slightly lower than that of the fat-supplemented groups. The un- 
satunition of the body-fat of rats when compared with that of the corresponding 
dietary tat. shows that the fat stored in the body is influenced to a great extent by 
dietary fat. 

The stor.ige of calcium appears to be slightly lower in rats on fat-fre<‘ dn t 
th.m on th*- fat*;.uppltm( nted diets, 'Hie ralciuiTKor.tent of the IxKly of rats rccrjv- 
ing dife rent fat*^nppU;nents is practic.ally identical. 
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(6) The values for total cholesterol and total fatty acids of the liver and iodine 
value of liver fatty acids are practically of the same order in the fat-free group as 
well as in the fat-supplemented groups and fall within the normal range. The 
analyses of liver-vitamin A reveal no significant difference between the fat-free 
group and the fat-supplemented groups. 
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The development of peroxides and destniction of vitamin A in liver-oils 
exposed to atmospheric conditions have been reported by Rosenheint and 
Webster (i), Wokes and Willimott (2), Whipple (3), Lowen c( al (4) and Rao (jj). 
No study, however, has been made on the measurement of the amount of oxygen 
absorbed in liver-oils and the changes of tlicir analj tical characteristics along with 
the absoiption of oxygen. In this paper, the amoun* of oxj’gcn absorbed in shark 
liver oil exposed to o.xj'gcn has been measured at different stages of autoxidation 
and the effect of absorption of oxygen on the destruction of vitamin A and the 
changes of the important chemical characteristics has been studied. 


EXPKKIMCNrAI. 


The volume of oxygen absorbed in shark liver oils was measured in the same 
apparatus as had been previously used by Bose ct a! (6) in their experiment^ on !}:e 
absorption of oxygen by lemon grass oils. The apparatus used was .a nvdiiiranr-n 
of that used bv Bose {7) in his e.vpcrimcnts on the absorption of {txyg! r. by 'ntiv ntuv- 
oil. The modified apparatus could be evacuated and refilled with I'xygm, 


Eight grams of oil wore accurately weighed inl.> 
then closed and mcrcuty -.sealed. The fla.sk .as we;! 


tl’.c rx.'.ict:’>n-:li-i: 
.a.s the 
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evacuated to a very low pressure from a Cenco-pump and then filled with dry 
oxygen. The flask was half -immersed in an oil thermostat previously adjusted at 
the selected temperature. Any excess pressure was released by momentarily 
opening the stop-cock. The absorption of oxygen was indicated by the gradual 
rise of the mercury-column. The heights of the mercury-column (after being ad- 
justed for atmospheric pressure) and barometric readings were noted at suitable 
intervals. Temperature and barometric corrections were applied in order to get 
the exact volume of oxygen absorbed at N.T.P. and the weight (in g.) of oxygen 
absorbed was calculated, on the basis that one litre of oxygen at N.T.P. weighs 
(ioxo.o8g8) g. 

A possible disadvantage of this method is that the rate of oxygen-absorption 
may be influenced by pressure-changes. To obviate this, the system was penodicaiJy 
re-adjusted by admitting more oxygen into the reaction-flask and occasionally, the 
flask was taken out of the oil-bath, evacuated after cooling the oil and re-filled with 
dry oxygen. Another objection may be raised for tlie oil being not stirred during 
exposure. A thin layer of oil exposed, however, can allow sufficient penetration 
of oxygen. 

The oil used was rigorously dried on shaking vith sufficient amount of anhydrous 
sodium sulphate and filtering the supernatant oil through a column of a fresh amount 
of anhydrous sodium sulphate under suction. While treating the oil with sodium 
sulphate, it was maintained at about i8°C for effective dehydration. 

The first set of experiments were carried out at 37°C±0.2. the second set at 
ioo°C±o.2 and the other sets at 37°C±o.2 but under different conditions. In all 
these experiments, the top of the flask was covered with black paper so as to avoid 
any effect of light. 

For the third set of experiments, the fatty-acids were isolated from the .same 
sample of oil by the usual method of saponification and the subsequent acidifica- 
tion of the soaps and the required amount of the washed and dried fatty acids wa.s 
added to it so as to raise the acid value to about 5 — the figure usually observed (8) 
in commercial samples of oil. i.o per cent (by volume) distilled water, which i"? 
u''Vial moistuR' content of commercial samples as reported before (8) was then 
intimately mixed with the oil of raised acidity. 
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The destruction of vitamin A and the changes of the chemical characteristics 
in the oil were studied at five different stages of autoxidation. In the first experi- 
ment of each set, the maximum amount of oxygen that the oil could absorb under 
the experimental conditions was noted and in other four experiments, the periods 
of exposure were so controlled as to obtain four samples of oil saturated with 
approximately one-fifth to four-fifths of the total amount of oxygen as absorbed in 
the first sample. Each sample was analysed for acid value, iodine value, saponifica- 
tion value, acetyl value, peroxide number and vitamin A content. Iodine value was 
* determined by Rosenmund and Kuhnheim's method as described by Vere-Zones (ii). 
Peroxide number was determined by Wheeler’s method (12) and was expressed as 
ml. of I.O.N. thiosulphate per kilogram of oil. Standard methods (13) w'ere followed 
for the determination of acid, saponification and acetyl values. The samples con- 
taining 1.0% moisture were analysed (14,8) for vitamin A in Hilger Vitameter A 
and the rest were analysed (15,8) by Carr-Price reaction in Pulfrich Photometer 
using filter S.61. Since only 8 g, of oil were available for all these anah'ses, 
4 g. were used for acetyl value and 2 g. for acid value (using micro-burette 
in each case) and the remaining oil was sufficient for the other estimations. The 
results of the analyses are given in tables II to V. In each experiment of each set, 
the initial period (Induction period) during which there was no absorption of oxygen 
w'as also noted and the mean values are given in table I. 

TABLE I 

Induction period of shark liver oil under different conditions. 


Sample of Oil. 

Induction period 

(hours) at 

37 'C 

loo'C 

Moisture-free oil (acid value, 0.71) 

22. .) 

0.2 

Oil (acid-value, 5. 48) moisture (1.0%) 

16.0 

— 

Oil -I- dissolved copper (0.0021%) 

,1.0 

— 


TABLE II 

Oxygen-absorption at J/°C, destruction of vitamin A and changes 
of analytical characteristics. 


Period of e.iposure, 
hrs. 

Ml. of oxyRcn ab- 
sorbed at N.T.P. 

\Vt. of oxygen ab- 
sorbed. g. 

Acid value . 

> 

c 

c 

V 

3 

> 

r: 

XJ. 

> a 

27 £. 

'A 

c. 

? 

c 

u 

> 

^ L 

0 


. 

0.71 


166.2 

12.02 

0 

7 3'^ 


•15 

131.S 

0.1802 

0.7.) 

136.1 

.. 

1 3 .oS 

■86 

f ft-. 


08.5 

264.5 

0-3797 

0.82 

J2I.3 

.. 

13.81 

5 '' S 

3 

t r .s 

^9*5 

390.7 

0.5OTO 

O.o(j 

00.8 

ii'O.A 

ij.or 

91 3 

3 


>3.9 

5-9-> 

0.7508 

1 .ex') 

7.8.6 

167.0 

16 20 

139 

• 8 ; 



65 1 .0 

0.0300 

1. 21 

5:- = 

168.3 

5765 

163 2 

*“* * 
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table hi 

Oxygcn-ahsorption at ioo°C, dcsiniciiou of viiamitt A and 
changes of analytical characteristics . 




.Q . 

can, 

OH 

K 

old 
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Xi 

rt 

d 

a> 
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>, 

g ti) 

O ^ 
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• rQ 
Ui 

t> o 
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0 

0 
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73 

> 
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V 

> 

c 

.S 
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0 

‘0 

< 

'S 

,3 

C 14 

a 

8 & 
C-S- 

V-i 

a 


E 

o 


m 

-vO 


B B 

• r- (U 

u 

(n 

JJ 1-1 
Q (1) 
H ft 


0 

— 

— 

0.71 

i.j8.i 

8.5 

138.2 

0.1985 

0.78 

132.3 

18 

277.9 

0.3990 

0.97 

114-5 

27 

420.2 

0.6033 

1.29 

93-3 

40.5 

556-1 

0.7986 

1.76 

68.7 

53-5 

697.7 

1.0020 

2.09 

41.4 


166.2 

12.92 

0 

7-39 

— 

• • 

13-71 

18.4 

4-97 

32.7 

» • 

15-14 

22.5 

3-05 

58.7 

166.6 

16.70 

14.2 

1.67 

77.4 

167.9 

18.33 

11.8 

— 

— 

168.9 

19.83 

8.4 

■ — 

— 


table IV 

Oxygen-ahsorption at 57°C oj? addition of fatty acids and moisture, 
destruction of vitamin A and changes of analytical characteristics. 


0 

• 


5-48 

150.2 

167.1 

15-25 

Vit. A 

1% 

E 

I cm. 

0 4.25 


38.5 

134.0 

0.1924 

5-67 

136.9 

» » 

15-61 

29.S 

3.11 - 

26.8 

63-5 

264.1 

0.3792 

5-88 

I23.0 

» » 

16.80 

63.2 

2.63 

38.1 

90 

399-0 

0.5729 

6.29 

96.8 

167-5 

18.39 

111.9 

1.70 

60.0 

I22'.5 

531-8 

0.7635 

6. 64 

75-2 

168.6 

19-51 

156.2 

1.03 

75-8 

151 

670.8 

0.9632 

7.20 

48.6 

169.0 

20.62 

186.8 — 



TABLE V 

Oxygen-ahsorption at 3y°C in presence of traces of dissolved copper, 
destructio 7 i of vitamin A and changes of analytical characteristics. 


0 

— 

— 

0.69 

I48.1 

28.5 

129.9 

0.1865 

0.65 

I40.3 

52 

260.1 

0.3736 

0,65 

124-5 

79 

388.9 

0.5584 

0.74 

101.8 

107.5 

525-2 

0.7543 

0.89 

76.6 

138 

650.7 

0.9344 

1.04 

.53-7 


166.2 

12.92 

Vit. A 

1% 

B 

I cm. 

0 6.89 


*/ 

12.92 

22.3 

5-15 

25.2 

1 ) 

13-18 

41-3 

4.01 

41.8 

166.4 

14.27 

62.8 

2.62 

62.0 

167-5 

15-33 

46.7 

1.48 

78.5 

167.9 

16.54 

30.2 

* 


Discussion 

The total amount of oxygen absorbed in shark liver oil at 37 °C was practically 
the same, irrespective of the conditions under which it was exposed. At roo°C, 
slightly more oxygen was absorbed. The induction period as well as the period 
of exposure during which the maximum amount of oxygen was absorbed, however, 
varied with the conditions of exposure. To. state more clearly, 0.94 g. of oxygen 
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was absorbed in eight grams of oil when exposed to oxygen for i68 hours at 37 °C 
(Table II). Practically the same amount of oxygen was absorbed in the oil within 
much shorter period of exposure at 37 °C (Tables IV & V), the oil being previously 
contaminated vdth added fatty acids and moisture or traces of dissolved copper. 
The induction period of the oil, which Was found to be 22.4 hours at 37 °C, was 
reduced to practically zero at ioo°C, to about one-fifth in presence of 0.0021 per 
cent dissolved copper and to about three-fourths on addition of free fatty acids and 
moisture (Table I). 

As would be expected, the rates of destruction of vitamin A at 100 ’C was 
appreciabty faster than that at 37°C. The presence of even traces of dissolved 
copper was found to exert a powerful catalytic influence on the destruction of 
vitamin A. The added fatty acids and moisture also hastened the destruction of 
vitamin A. About 72% loss of vitamin A occurred when the oil was exposed to 
oxygen at 37°C for 133 hours. Higher per cent of loss occurred vdthin much 
shorter period of exposure at 37 °C in presence of added fatty acids and moisture 
or traces of dissolved copper. 

The added fattj^ acids and moisture hastened the development of peroxides 
also. The figures for peroxide number and loss of vitamin A as given in tables II 
and IV would generally indicate that the development of peroxide and tlie destruc- 
tion of vitamin A would proceed simultaneously. At ioo°C (Table III) or in 
presence of traces of dissolved copper (Table V), however, there was not much 
■accumulation of peroxides in the oil, although the destruction of vitamin A was 
considerable. Rao (5) also observ'ed that there was less peroxide formation in 
shark liver oil when eitlier mixed with about 15 per cent copper or exposed to 
atmospheric air at higher temperatures. 

These results indicate that the peroxide value of shark liver oil cannot alwaj's 
show conclusivelj' the degree of deterioration produced in it. Peroxides can be 
proportional to deterioration only so long as they are formed at a greater rate 
than they are decomposed to the rancid products. If, how'ever, the rate of de- 
composition of peroxides exceeds that of their formation, the peroxide-value 
decreases witli increasing deterioration of the oil. It appears, therefore, some of 
the factors w'hich hasten the rate of decomposition of peroxides in shark liver 
oil are tlie higher temperature of storage or the presence of copper-catalj^sl. 

In almost all cases, tlie acid value increased slightly. The increase was com- 
parativelj'^ higher at higher temperature or in presence of added fatty acids and 
moisture. In the presence of copper-catalyst, a slight fall in acidity was observed 
in the early stages of exposure. 

The acetyl value also increased gradually along witii the absorption of oxygen. 
The higher acetyl values in the o.xidised samples might be partlj' due to the fomia- 
tion of any volatile or soluble fatty acids and partty due to the rise of acidity in 
the oil. Hence, if the corrections for any volatile or soluble fatty acids would be 
made, comparatively lower acetyl values might be obtained. 

In each set of experiments, there was a steady decrease in iodine value with 
the absorption of oxygen. The rate of fall of iodine value, however, was not strictly 
proportional to the amount of o.xygen absorbed. Ibis may be c.xplaincd by 
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supposing that numerous complex reactions may occur with the uhsaturated acids 
and the oxygen absorbed. The hydrogen atoms necessary to complete some of 
these reactions may come from the other fatty radicals, thereby creating fresh centres 
of unsaturation that may again be oxidised. 

In all the cases, saponification value did not alter in the early stages of oxida- 
tion. Towards the last stage only, a slight increase in the saponification value 
was observed. 


Summary 

(1) The amount of oxygen absorbed at different stages of autoxidation in 
shark liver oil exposed to oxygen in thin layers was measured in an oxygen- 
absorption apparatus. 

(2) The destruction of vitamin A and the changes of the important chemical 
characteristics in the autoxidised oils were studied under varying conditions viz., 
(fl) at 37°C, (fe) at ioo°C, (c) on addition of fatty acids and moisture and {d) in 
presence of traces of dissolved copper. 

(3) The induction period as well as the total period of exposure during which 
the maximum amount of oxygen was absorbed varied appreciably with the conditions 
of exposure, although the maximum amount of oxygen absolved in the oil exposed 
under different conditions was practically of the same order. 

(4) The development of peroxides at ioo°C was lowest, although the destruc- 
tion of vitamin A was considerable. The rate of formation of peroxides at sy°C 
in presence of traces of dissolved copper was much lower than that in absence of 
copper-catalyst, although the presence of copper hastened the destruction of 
vitamin A. The addition of free fatty acids and moisture hastened the development 
of peroxides as well as the destruction of vitamin A. 

(5) In practically all the cases tried, it was found that along with the absorp- 
tion of oxygen, the acid and acetyl values of the oil intreased gradually and there 
was a steady fall of iodine value. Towards the last Stage of oxidation, a slight 
increase in the saponification value was observed. 
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LETTER TO THE EDITOR 
HYPOGLYCEMIC ACTION OF ALLOXAN 


Sir, 


In experiments with rabbits we have presented evidences to show (i, 2) that 
the hjTpoglycemic action of alloxan is pancreatic in origin and is due to the release 
of insulin from the damaged islet cells. Carrasco-Formiguera (3) obser\^ed hj^po- 
glycemia after the intramesenteric iniection of alloxan in dogs in which the pancreas 
was totally excluded from the circulation by clamping all the vessels of the pancreas. 
He is, therefore, of opinion that the hypoglycemia is extrapancreatic in origin 
and suggests that this is brought about by the direct action of alloxan on the liver. 
He, however, could not explain the absence of hypoglycemia after injection of 
alloxan in a rabbit made diabetic by a previous injection of alloxan (2). Houssay 
et al. (4) reported that totally depancreatised dogs injected with alloxan half an 
hour after the operation developed hypogl)'cemia. He, therefore, suggested that 
alloxan hypoglycemia is due to lack of glucose-formation by the liver after the 
injection of alloxan. He, how'ever, gave no experimental evidence to. prove his 
suggestion. In the present communication the glycogen content of the liver of 
rabbits, killed during h)q 30 glycemic convulsions developed either after the injection 
of alloxan or insulin, has been presented. 

Nine healthy Himalayan rabbits w'ere allowed to take onty water for 48 hours 
after w'hich the animals w'ere divided into three groups. Animals of one group, 
received intravenously a 10 per cent solution of allo.xan, 200 mg. per kilo. : tlie 
second group of animals received a subcutaneous injection of 20 units of regular 
insulin while the third group of animals received no injection. The injected 
rabbits developed hypoglycemia 3 to 5 hours after the injection of alloxan or 
insulin. The animals had fits of hypoglycemic convulsions and when thc}^ wcie 
d3ang they w'ere stunted by a blow' on the head, the neck veins were cut and the 
liver w'as removed. The control animals were also similarly killed at the same 
time. Glycogen in the liver w’as estimated b}' the method of Grattan and Jensen 
(5). Blood sugar w'as estimated in the samples of blood taken before the injections 
and just before the animals were killed by tlic method of Hagedom and Jensen (6). 
The results are given in tire Table. The glycogen values are expressed as mg. 
of glycogen per 100 g. of liver and the blood sugar values arc given as nig. per 
100 cc. blood. 
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Wt. of 
rabbit. 

Blood sug.Tr 
Before 
injection 

Alter 

convulsion. 

Liver 

glycogen. 

Alloxan injected 
rabbits 

1240 g. 

1170 

970 

no mg. % 

121 

n7 

24 mg- % 

44 

39 

260 nig. % 
140 

980 

Insulin injected 

1130 

87 

30 

580 

rabbits 

920 

114 

35 

420 


970 

119 

21 

1210 

Control rabbits 

1080 

no <•' 

— 

t390 

without injection 

780 

105 

— 

710 


92Q 

98 



1 \00 


The alloxan and insulin injected rabbits developed convulsions almost at the 
same time, the degree of hypoglycemia was similar and tliere was considerable 
decrease in the glycogen content of the livers. The results, therefore, indicate 
that alloxan hypoglycemia is not due to lack of glucose production in the liver 
as suggested by Houssay. As the symptoms developed in the rabbits injected 
with alloxan were similar to those of the insulin treated ones it may be suggested 
that the alloxan hypoglycemia in rabbit is pancreatic in origin. 

Department of Physiology, Sachchidananda Banerjee 

Presidency College, Calcutta, Dulal Pada Sadhu 

India. Naresh Chandra Ghosh 
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„ , Daring recent years, a great deal of interest has centred round «« "““‘I™ 
of Vanaspati (hydrogenated fat). The most ota'»oterf c ctange m fet^ ac^^^ 

acMs*'?,™ hydrogenation ^ hygrogcnation of 

>ds. It IS established (i, 2) that during the first stages > ^ 

e«»nd„„, and other vegetable oils, the more unsaturated 'no cc Sb’conde. P e^ 
“"preferentially reduced to a mixture of oleic and .so-olc.c glycende, and 
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the later stages a considerable amount of the iso-oleic glycerides formed is further 
converted into stearic derivatives. The nature and the e.xtent of formation of iso- 
oleic acids may vaiy with the different conditions existing at the time of hydro- 
genation. Iso-oleic acid content of the various western brands of' liydrogenated 
fats has been reported (i) to vary mostly from 5 to 25 per cent. In nine Indian 
brands of commercial Vanaspatis, iso-oleic acid content has been found (3) to vary 
from I to 23 per cent. 

As iso-oleic acid is the onl}' new constituent formed b}^ hj^drogenation, it is of 
great practical interest to obtain sufficient information regarding the metabolism 
of iso-oleic acid. Barbour (4) and Sinclair {5) have reported that iso-oleic acids 
are metabolized normall}^ by the animal body and ma}^ be utilized as fuel as satis- 
factorily as the other fatty acid components of hydrogenated cotton seed oil. 
Spadola and Ellis (6) also have reported that ingestion of iso-oleic acid results in 
its deposition in the depot fat. Channon et al. (7) have observed that elaidic acid 
(a solid isomer of oleic acid) is treated normally in the body, appearing in liver, 
carcass and faecal fats in proportions dependent on its amount in the diet. Misra 
and Patwardhan (8) have found no significant difference between the digestibilities 
of Vanaspatis containing different proportions of iso-oleic acids. In the present 
communication, comparative studies have been made on the absorption, deposition 
and utilization of iso-oleic acids and saturated fatty acids of hydrogenated ground- 
nut oil, both at low and high levels of intake, by albino-rats in relation to age. 


Experimental 

Although iso-oleic acids are unsaturated acids, they resemble saturated acids 
in their properties. They are solid at ordinary temperatures and form lead salts 
which are sparingly soluble in alcohol, so that in the lead-salt separation of mixed 
fatty acids, the major amounts of iso-oleic acids appear along with the saturated 
acids. The iso-oleic and the saturated acids were isolated from several pounds of 
a sample (A) of hydrogenated groundnut oil (M.P. 41 °C), in batches of two pounds, 
by the lead salt separation method of Cocks et al. (9). The total amount of the 
mixtures of iso-oleic and the saturated acids thus isolated was melted and mixed 
uniformly with the original sample in suitable proportion so as to obtain a second 
sample (B) containing higher amounts of iso-oleic and saturated acids. The object 
of adding extra iso-oleic and saturated acids is to compare the metabolism of the 
total saturated and iso-oleic acids of hydrogenated groundnut oil in high and low 
concentrations. The iso-oleic and saturated acids content of the two samples are 
given in Table I. 

Iso-oleic and saturated acid contents of dietary, body or faecal fat samples were 
estimated by the method developed by Cocks et al. (9) and recommended by Hilditch 
et al. (i). These authors only claim that this method gives results which are at least 
within 3.0 units per cent of the actual iso-oleic acids content. The amount of satu- 
rated acids tends to be somewhat lower, since minor amounts of lead myrist'ate and 
palmitate pass into the unsaturated portion. 
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Sixty-four litters (32 males and 32 females) were weaned after 28 daj/’s when 
the)^ weighed 36 to 44g. The}' were placed for four weeks on a fat-free synthetic 
diet composed of com-starcli (65%), extracted casein (15%), cane-sugar (10%), 
Osborne and Mendel (10) Salt ]\Iixtures (5%) and Yeast powder (5%). They were 
then divided at random into two groups of 32 each (16 males and 16 females) and put 
for about twelve weeks on the experimental diet : The first group (A) receiving the 
diet which was similar to the previous diet with the difference that 30% starch was 
replaced by the same weight of Vanaspati (A) of low iso-oleic and saturated acids 
content and the casein content of the diet was raised from 15% to 30% at the expense 
of 15% starch ; the second group (B) receiving the diet identical to that of the first 
group except that Vanaspati (B) of high iso-oleic and saturated acids content was 
used. The fat-free as well as the experimental diets were supplemented with vitamin 
A and D concentrates and vitamin E in propylene glycol (60 I.U. of vit. A, 10 I.U. 
of \dt. and 0.5 mg. of tocopherol acetate per rat per day). The protein content 
the fat-supplemented diets was increased from 15% to 30%, as it has been well- 
established (II) that ingestion of high fat and low protein diet results in the produc- 
tion of dietary fatty livers, irrespective of the nature of the fat used. 


Weekly records of weights and records of food eaten during the metabolism 
periods were maintained. When the rats completed four weeks on the experimental 
diet, the faeces were collected in groups of four of tlie same sex from eight animals 
of each series for a period of ten days, dried and analysed for fat by Soxhlet extrac- 
tion with ether so as to determine the digestibility of tire fats. The total faecal fat 
was extracted from the faeces collected from groups of four animals and analysed for 
iso-oleic and saturated acids content. 


The eight animals of each series, which were used for the determination of 
digestibility and fmcal fat composition, were anesthetized with sodium amytal. The 
livers were dissected out, pooled in the same groups of four, weighed, dried and 
analysed for fat by Soxhlet extraction rrith ether. Per cent of liver-fat was calculated 
on the basis of wet weight of livers. The gastro-intestinal tracts were discarded, the 
combined bodies of the same groups of four rats were chopped into small pieces with 
a meat-chopper, finely minced into a pulpy mass in a meat-mincer, mixed uniformly 
and dried. A suitable aliquot was used for the determination of body-fat by Soxhlet 
extraction with ether. Per cent of body-fat was calculated on the basis of the wet 
weight of the body minus the gastro-intestinal tract and liver. The total body-fat 
was extracted from tlie rest of the dried carcass and analysed for iso-oleic and satu- 
rated acids content. The results obtained on rats when kept for four weeks on the 
experimental diet are recorded in Table II. 


When the rats completed eight weeks on the experimental diet, the above sets of 
experiments were repeated in an identical way with the other eight animals from 
each series. The results are given in Table III. 

Similarl}', e.xperiments on digestibility and fmcal fat composition were carried 
out with the remaining sixteen animals of each scries after keeping them for twelve 
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weeks on the experimental diet. Of these animals, eight rats (control) from each 
series were sacrificed for the determination of body-fat and deposition of iso-oleic and 
saturated acids as before. The results arc shown in Table IV. The average weekly 
increase in weight over a period of twelve weeks is shown in Table IV A. 

The remaining eight animals from each series were fasted for five days during 
which period, water only was given. During the fasting period, faeces from all the 
eight animals of each series were collected together to determine whether or not excre- 
tion of iso-oleic acid had taken place. At the end of the fasting period, the animals 
were weighed and sacrificed. The composite samples of four rat-bodies (excluding 
gastro-intestinal tract and liver) were minced, dried and analysed for body-fat as 
before. The total body fat extracted was analysed for iso-oleic and saturated acids 
content to determine whether these fattj^ acids had been depleted in proportion to the 
total fat-content. The re.sults obtained are recorded in Tables V and VA, 


Discussion 

The average weekl}? increase in body-weight of rats is practically the same on 
the two dietary fats studied. 

Although casein used was extracted thrice with alcohol, it was not possible to 
make the diet in bulk absolutely fat-free. The mixture of all the other ingredients 
excluding fat in the fat-supplemented diet was found to contain 0.31 per cent of 
ether-extractives. It was felt, however, that this low fat content of the diet will not 
affect the final results. 

The digestibility of the fat has been calculated without subtracting the endo- 
genous excretion of fat from the faecal fat. So the figures recorded give; the appa- 
rent digestibility. In our previous experiments (12), however, it has been observed 
that the amount of endogenous excretion of fat in adult rats raised on fat-free diet 
is of the order of only o.i to 0.2 gms. per rat in five days. Hence, if tlie digesti- 
bility is calculated with the allowance for the presence of this small amount of endo- 
genous fat, the figures for true digestibility will be only slightly higher than those 
recorded for apparent digestibility. 

The digestibility of both the fat-samples appear to be slightly lower in rats 
completing four weeks on the experimental diet than when the same fats were con- 
tinued for twelve weeks. No difference in digestibility, however, is noticed between 
the two periods of eight and twelve weeks on the experimental diet. In comparison 
with the digestibility of the original fat (A), that of the fat (B) with added saturated 
and iso-oleic acids appears to be slightly lower in all the three periods of study. No 
sex-difference in digestibility of both the fats is observed. 

The saturated acids content of the faecal fat of rats of each group has been found 
to be higher than that of the corresponding dietary fat. Again, the saturated acids 
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142.2 86.0 25.80 9.29 3.18 87.68 51.27 6.12 10.13 28.96 2.18 6.03 3.24 

119.1 78.1 23.43 8.67 3.07 86.90 53.13 6.23 11.02 29.21 2.05 5.12 3.08 

141.0 74.5 22.35 10.02 3.81 82.94 76.10 10.14 10.45 29.64 5.81 5.98 3.01 

120.3 72.8 21 84 9.87 3.82 82.50 76.89 10.46 10.61 29.90 5.99 5.10 3.18 
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TABLE IV A 

Gain in weight of rats over a period of twelve weeks {Average values of eight rats). 


JIETABOLISM OF ISO-OLEIC ACIDS OF HYDROGENATED GROUNDNUT OIL 


59 



o Tj- N 

rr H fO N 

dodo 
-HHH -H +1 

o VO H Tl“ 

d\o o'vd 


O' On 'Ti 

vO fO 
C\ U-J O' lO 

H M H H* 


^ 

CC C^OO 




VO O 'O 

M H ^ H 

' ' JL ' 

0\ 0\C^ C\ 


< w 



g i 2 .S 

S-H ooS . 
"*^0 '”60 
o J3 be 
rt 6 ^ ° c 
O P 


^ ^ tJ * 

. <i> P be 
9..^ G 

^ >S '-p ' 

^ CO to 
Ui 'P P 




62 


S. M. BOSE AND V, SUBRAHMANYAN 


former case, the excess saturated acids may have been excreted in the fasces, thus 
accounting for the higher saturated acids content of the faecal fat of rats of group B, 

Iso-oleic acid content of the body-fat of rats completing four weeks on the 
experimental diet appears to be slightly lower than that of the body-fat of rats 
completing eight or twelve weeks on the same diet. The percentage of iso-oleic 
acids in the body-fat of rats raised on high iso-oleic diet has been found to be higher 
than the same in the body-fat of rats raised on low iso-oleic diet. It is evident 
from these results that rats are capable of absorbing iso-oleic acid and of depositing 
unchanged at least some of the absorbed acid in their depot-fat. Barbour (4), 
Spadola and Ellis (6), and Channon et al. (7) have recorded similar observations. 

There is no significant difference in the percentage of fat content of liver with 
the two dietar^^ fats studied ; nor does fatt}' liver result, the fat contents of the 
livers having been found to fall within the normal range. 

With a view to indicate more clearly the rate of reduction of iso-oleic or satu- 
rated acids content of the body on fasting, the figures for iso-oleic and saturated 
acids Contents of the body-fat of rats before and after fasting have been expressed 
as percentage of body-weight in Table VA. This sort of comparison is based on the 
usual assumption that the fasted rats contained before fasting the same level of fat 
as the controls of the same age, weight and sex and the composition of the body-fat 
of rats before fasting was identical with that of the body-fat of control rats. The 
results clearly show that as regards the utilization of the deposited fatty acids during 
fasting, the iso-oleic acids of the body are not inferior to the average body fatty 
acids. Rather it appears that they are depleted somewhat more readily than the 
average of the body fatty acids. This is in agreement with the observation of 
Barbour (4) and is particularly obvious when compared with the rate of depletion^ 
of saturated acids of the body on fasting. The somewhat larger concentration of 
saturated acids in the body after fasting may be owing to either the comparatively 
lower utilization of the body saturated acids or the preferential utilization of the 
body unsaturated acids or to both during fasting. 

In accordance with the observations of Barbour (4), Iso-oleic acid has been 
found to be not concentrated in the fasting faeces, since the total amoimt of faecal 
iso-oleic acid obtained from eight animals during the fasting period is only of the 
order of o.i to 0.2 gms., whereas approximately 8.2 gms. of iso-oleic acid waS 
depleted from eight animals during the fasting period. This last figure is calculated 
from the data given in Tables V and VA, viz., an average rat weighing 203.6 gms. 
and containing 0.65 per cent iso-oleic acids in the body before fasting weighs 
154.4 and contains 0.19 per cent iso-oleic acid per body-weight after fasting. 


Summary 

(i) Two groups of rats have been raised on S3mthetic diet supplemented with 
30% fat in the form of either hydrogenated groundnut oil or the same Avith added 



METABOLISM OF ISO-OLEIC ACIDS OF HYDROGENATED GROUNDNUT OIL 63 

saturated and iso-oleic' acids. The digestibility of the fats, extent of deposition of 
body and liver fats and fsecal fat excretion vidth special reference to the absorption, 
deposition and utilization of iso-oleic and saturated acids have been determined at 
different ages of the-groudng rats. 

(2) The average increase in body-weight of the two groups has been found to 
be practically the same. The digestibility of the fat containing higher amounts of 
saturated and iso-oleic acids appears to be' slightly lower than that of the original 
sample. The digestibility of both the fats has been found to be somewhat lower in 
jmunger rats tlian in adult rats. No sex-difference in digestibility, deposition or 
e.xcretion of the fats has been noted. 

(3) The compositions of fecal fat samples of both the groups, when critically 
studied, indicate that the lowering of digestibility of the fat containing extra amounts 
of saturated and iso-oleic acids may be ascribed to the larger excretion of saturated 
acids, especially of the stearic and arachidic type, in the feces. The composition 
of the fecal fat when compared with that of the corresponding dietary fat shows 
that the rate of excretion mf iso-oleic acids is lower than that of the total saturated 
acids in both the groups. 

(4) There is practically no difference between the body-fat contents or between 
the saturated acids contents of the body-fats of rats of the two groups. The 
percentage of body-fat has been found to be slightl}? lower in younger rats than in 
adult rats. 

(5) The percentage of liver-fat has shown no significant difference with the 
two dietary fats and is normal. 

(6) Iso-oleic acid has been found to be metabolised normally in the body. 
Iso-oleic acid has been found to be deposited in the body of rats approximately in 
proportion to the amount of iso-oleic acid present in the dietary fat. Iso-oleic acid 
content of the body-fat of younger rats appears to be slightly lower than that of tlic 
body-fat of adult rats. 

(7) During fasting tire deposited iso-oleic acids have been found to disappear 
more readity than tlie saturated acids or the average fatt3' acids of the bodj\ Iso- 
oleic acid has been found to be not concentrated in the fasting faeces. 
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Besides changes of temperature, hydrogen ion concentration and other physical 
factors, the activity of the enzyme can also be depressed by a variety of chemical 
reagents which are termed poisons with respect to the enzyme in question 
by previous workers. 

A number of authors investigated the inhibitory effect of different reagents on 
the activity of choline-esterase present in the various body fluids of animals some 
of ^vhich are mentioned below. Corteggiani (i) found that 0,33% formol brought 
about a partial inactivation after being kept for several hours while 1% formol 
solution caused complete inhibition after 3-4 days. Kahane and Levy (2) studied 
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the inhibition brought about by the low concetttration of drugs like eserine, genese- 
rine, prostigmine, morphine, caffeine etc. The inhibition" of choline-esterase 
in serum was also caused by the addition of morphine and apomorphine as observed 
by Bemheim and Berliheim (3). They suggested that the acetylcholine by the action 
of this drug might be accumulated in the brain. Jones and Tod (4) studied in-vivo 
the effect of eserine, pilocarpine and adrenaline with the result that the activity 
of the enzyme in the system was not in any way affected. Sobotka and Antopol (5) 
reduced the activity of the choline-esterase in serum witli bile acids to different 
extents depending on the concentration of the acids and had also noticed that 
berberine got greater inhibitory effect than the former reagent. 

Rothlin and Brugger (6) showed that the activity of the choline-esterase was 
inhibited by Ergotamine by loo-fold higher concentration than eserine. Keeser (7) 
found that glutathione, sympathol etc. activate choline-esterase activity while physo- 
stigmine, prostigmine, cocaline, hordenine and muscarine inhibited it. Click and 
Antopol (8) inhibited choline-esterase activity by means of thiamine. Nachmansohn 
(9) showed that the inhibitory effect of hydroxyphenyl trimethyl ammonium 
bromide was intermediate between that of eserine and Strychnine. Minot (10) com- 
pared the action of eserine and quinine in different concentrations on the serum 
choline-esterase. The activity of choline-esterase was largely but not completely 
lost by the chemicals like sodium oxalate, citrate, fluoride, arsenite and pyrophos- 
phate while NaCNS had no inhibitory effect as shown by Massart and Dufait (ii). 
Nachmansohn (12) further showed that the activity of the enzyme increased 
in presence of bivalent cations like Ba, Ca, Mg, Mn in minute concentration while 
the univalent cations also activated but in higher concentration. 

Dufait and Massart (13) furnished evidence to the fact that choline-esterase 
was inhibited by sodium fluoride more powerfully on the acid side than on the 
alkaline side of the optimum pH. These authors further showed that dyes like 
methylene blue which had an alkaline reaction inactivated the choline-esterase 
activity and also that physostigmine when incubated With the enzyme beforehand 
inhibited the reaction rate more powerfully. The results of the experiments done 
with the different chemicals on choline-esterase in cobra Venom would be interesting 
and are, therefore, recorded below. The purified enzyme choline-esterase was pre- 
pared by the procedure adopted by Chaudhuri (14). 

Experimental 


General Procedure 

20 mg. of crude cobra venom for each of the four sets of experiments were taken 
in test tubes and dissolved in distilled water to each of which different amounts of 
the inhibitor were added. The volume was made upto 5 c.c. in each case. The 
pH of the solutions was adjusted as desired and the solutions kept at the room 
temperature (30 °C) for a definite interval of time. When the scheduled time was 
over, the activity of the different solutions was determihed at pH 7.4 after deducting 
the respective control figures and the percentage of inhibition in every case as found 
out from the above date was enumerated in tables below. A control -experiment 
containing the same amount of venom only withoilt the inhibitor was kept side 
by side but no change in choline-esterase activity in any of the experiments was 
noticeable throughout the period. 
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TABLE I 

Silver Nitrate. 


Inhibition of the choline-esterase activity 

Material and procedure. ^ 

1. 20 mg. of cobra venom + 

0.3 cc. of N/io AgNOj Sol. 

17 

2. 20 mg. of cobra venom -f 

0.5 cc. of N/io AgNOj Sol. 

28 

3. 20 mg. of cobra venom -i- 

0.8 cc. of N/io AgNOj Sol. 

42 

4. 20 mg. of cobra venom + 

i.o cc. of N/ro AgNO^ Sol. 

49 

The reaction avas allow’ed to proceed for one 

hour at pH 7.4. 

TABLE II 

Potassium- Ferricyanide. 

... 

Inhibition of 

the choline-esterase activity 

Matenal and Procedure. 

ub per 

cent, of the original 

I. 20 mg. of cobra venom -t- 

0.3 cc. of N/iO K3Fe(CN)j Sol. 

10 

2. 20 mg. of cobra venom -t- 

0.5 cc. of N/io K3Fe(CN)5 Sol. 

17 

3. 20 mg. of cobra venom + 

0.8 cc. of N/io KjFeCCN), Sol. 

27 

4. 20 mg. of cobra venom 4- 

i.o cc. of N/io K,Fc(CN) 5 Sol. 

30 

The mixtures were allowed to react for tw'entyfour hours at pK 3.2 at a temperature 
of 8°C in the refrigerator Under sterile condition. 


TABLE III 

Hydrogen Peroxide, 


Inhibition of tlie choline-esterasc activity 



Material and Procedure. 

as per cent, of the original 

I. 

20 mg. of cobra venom + 

0.3 cc. of N/ 10 H.Oj Sol. 

14 


20 mg. of cobra venom -t- 
0.5 cc. of N/io II.O. Sol. 

35 

.1- 

20 mg. of cobra venom 4 

0.8 cc. of N/10 II.O3 Sol. 

48 

4- 

20 mg of cobra venom 4- 
1.0 cc. of N/jo H.O, Sol. 

60 


Tlic reaction mixtures were aiijustetl at />H 7.1 and allowed to react for one hour at 
nxim temperature (jo''C). 
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TABLE IV 

Iodine. 


Material and' Procedure. 


Inhibition of the choline-esterase activity 
as per cent, of the original 


I. 

20 mg. of cobra venom -f- 
0.3 cc. of N/20 Ij Sol. 

18 

2. 

20 rhg. of cobra venom + 

0.5 cc. of N/20 I, Sol. 

35 

3- 

20 mg. of cobra venom -t 

0.8 cc. of N/20 L Sol. 

. 53 

4- 

20 mg. of cobra venom + 
i.o cc. of N/20 I3 Sol. 

65 


The mixtures were adjusted at pH. 7.4 and allowed to react for a period of one nour 
at room temperature (30°C). 


TABLE V 

Sodium lodoacetate. 


Material and Procedure. 


Inhibition of the choline-esterase activity 
as per cent, of the original 


I. 

20 mg. of cobra venom -f 

20 


0.3 c.c. of N/20 CHjICOONa Sol. 

• 

2. 

20 mg. of cobra venom -t 

0.5 c.c. of n/ 20 CHjiCOONa Sol. 

40 

3- 

20 mg. of cobra venom -f 

0.8 c.c. of N/20 CHjICOONa Sol. 

56 

4- 

20 mg. of cobra' venom -f 

i.o c.c. of N/20 CHJCOONa Sol. 

69 


Mixtures were adjusted at pH 7.4 and allowed to react for a period of one hour at 
room temperature (30°C). 


TABLE VI 

Mercuric Chloride. 



Material and Procedure. 

Inhibition of the choline-esterase activity 
as per cent, of the original 

I. 

20 mg. of cobra venom + 

19 ' ■ ■ 


0.3 cc. of N/20 HgCL Sol. 

“ - 

2. 

20 mg. of cobra venom 

35 


0.5 cc. of N/io HgClj Sol. 


3- 

20 mg. of cobra venom -f 

57 


0.8 cc. of N/io HgCk Sol. 


4- 

20 mg. of cobra venom -t- 

70 


.1.0 cc. of N/io HgClj Sol.. 

* 


The reaction mixtures were kept for one Lour at pH 6.0 at room temperature (30°C). 
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TABLE VIII 

Effeci of reducing agents on cholin-esterase activity. 


Content of the choline-esterase activity as per cent, of the original. 


Serial 

No. 

Crude cobra venom. 

Pure choline-esterase. 

(i) 

(ii) 

A 

121 

119 

B 

120 

118 

C 

124 

126 

D 

119 

121 


Summary and Discussion 

Chemical reagents like iodine, monoiodoacetic acid, sodium fluoride etc. caused 
inhibition of choline-esterase to different extents, while others like cj^stein, hydrogen 
sulphide etc. got an activating effect on the enzyme. In which way the activation 
was brought about by these chemical agents has not yet been definitely established. 
When the activators are utilised to revive the latent portion of the activity, their 
function may be to transform the inactive form into the active form by a chemical 
process resulting in the manifestation of the increase in activity. In the case of 
choline-esterase the maximum accelerating effect was found to about 20% of the 
original. The phenomenon in this particular case may be explained to be due to 
the integrity of the thiol group assumed to be present in the enzyme molecule. A 
systematic study of the behaviour of these agents towards the groups responsible 
for the activity of the enzyme are represented in the Part VIII of this series. 
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"salt-effects.” Activation of the enzyme with respect to a reagent has been inter- 
preted by various authors' in the light of co-enzyme action, salt-effect,' changes 
in oxidation-reduction state of their specific activators, removal of inhibitory metal 
ions etc. each of which rests upon a reasonable and strong hypothesis coupled with 
experimental evidences. 

It is known that metallic salts like silver nitrate, mercuric chloride etc., had a 
depressing effect on the activity of the enzymes in general. But the inhibition 
in the case saccharase caused by silver ions w'as fully restored by the action of 
hydrogen sulphide as showm by Euler and Svanberg {2). This effect was explained 
by ]\Iyrback (3) to be a dissociable silver salt of the amphoteric enzyme. The 
inhibitory action of some metallic salts on tlie enzyme papain with the subsequent 
regeneration of its activity by some chemical reagent was interpreted by Krebs (4) 
as the removal of the inhibitory metal ions. Further, it was observed by Mendel 
and Blood (5) that the papain activity was enhancdd in presence of HCN and H-S. 
Grassmann et al (6) showed that the activities of papain and Kathepsin w'as accele- 
rated by organic sulphydryl compounds such as glutathione and cysteine. Heller- 
man and Perkins (7) while studying the inhibition of the enzyme papain with the 
subsequent activation showed the same thing to occur in the case of crystalline 
urease. It was also noted by Perlzweig (8) that the weakening of the nitro- 
prusside test for the sulphydryl groups during aeration resulted in the partial inacti- 
vation of the crystalline urease. Summer and Poland (9) showed that although 
sulphydryl compounds like glutathione might be present in jack bean meal yet 
crystalline urease which was completely free from glutathione etc. responded to nitro- 
prusside test. 

Hellerman, Perkins and Clark (10) thought that the phenomena associated 
with the inactivation and reactivation of the enzyme might be attributed to the 
oxidation and reduction of the substituent sulphydryl groups of the enzyme itself 
but not to the changes in the supplementary activators. 

According to Bersin (ii) "the active enzyme is thus to be looked upon as a 
thiol compound while its inactive form is disulphide compound”. 

This may be represented as follows; 

2 Eh-S-H Reduction En-S-S-En + 2(H) 

■i 



(Active) Oxidation (Inactive) 

Hopkins et al (12) showed that the major portion of the activity at least, if 
not all, of the enzyme succinic dehydrogenase was dependent upon the integrity 
of the thiol group ; as the enzyme activity was completely inhibited when exposed 
to the action of the oxidised glutathione simultaneously with the disappearance of 
the sulphydrjd group but when the activity was fully restored under the influence 
of reduced glutathione, the sulphydryl group also reappeared at the same time. 
Avery and Neil (13) working with pneumococcal haemolysin inactivated it by treat- 
ment wth air and hydrogen peroxide while Neil (14) subsequently restored the 
activity with the help of Na2S204 or with certain anaerobic bacteria. Schwachraann 
et al (15) inactivated haemolysin extract by suitable oxidising and mercaptide- 
forming reagents like cuprous oxide and certain organomercurials. This inacti- 
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TABLE V ' 

p-benzoquhuyne and activaiors. 



Material and Procedure. 

Content of choline-csterase activity as 
percentage of the original. 

A. 

25 mg. of pure choline-esterase + 

0.5 cc. of M/io p-benzoquinone — 
pH 7.4 kept for one hour at the 
room temperature (30°C) 


39 

I. 

5 mg. portion of (A) 4- 0.5 cc. of 

0.08 M hydrogen sulphide — pH 6.0 


122 

2. 

5 mg. portion of (A) + 0.5 cc. of 
M/io cysteine — pH 3.2 


123 

3- 

5 mg. portion of (A) + 0.5 cc. of 
M/io ascorbic acid — pH 3.2 

- 

119 

4- 

3 mg. portion of (A) + 0.5 cc. of 
M/20 sodium cyanide — pH 3.2 


no 

The reaction solutions were kept for 
temperature (30®C). 

a period 

of two hours at the room 


TABLE VI 



Potassium ferncyanide and activators. 


Material and Procedure. 

Content of choline-esterase activity as 
percentage of the original. 


A. 25 mg. of pure choline-esterase + 

0.5 cc. of N/20 potassium ferri- 
cyanide — pH 3-2 ; kept at 8°C in 
the frigidaire in the sterile condi- 
tion for a period of 24 hours 50 

1. 5 mg. portion of (A) + 0.5 cc. of 

0.8 M hydrogen sulphide — pH 6.0 118 

2. 5 mg. portion of (A) -(-0.5 cc. of 

M/io cysteine — pH 4.2 124 

3. 5 mg. portion of (A) + 0.5 cc. of 

M/io ascorbic acid — pH 3.2 116 

4. 5 mg. portion of (A) + 0.5 cc. of 

M / 10 sodium cyanide — pH 3 .2 i09 


The reaction mixtures were kept at the room temperature (30°C) for a period of 
two hours. 
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A. Casein Hydrolysate Basal Medium. 

Casein Sample : A locally made casein having 12.8 per cent nitrogen was 
used. 

Experimental 

Methods of hydrolysis: 

(i) The method of combined sulphuric and hydrochloric acid digestion was 
utilised, the quantity of HCl being so adjusted as to give 0.5 to 0.6 
per cent of chloride (NaCl) after neutralisation with NaOH in the final 
base. The mixture was heated initially over a water-bath for i hour 
and then refluxed over an electric bath consecutively for varying periods 
viz., 71. 6, 12, 24, 48, 72, 96, 120, 144, 168, 192, and 216 hours to 
find out at what stage the medium could be made free from an appre- 
ciable amount of precipitable protein at 33, 50 and 100 per cent satu- 
ration of Na.SOj. For neutralising H..SO, a cheap commercial varietj'^ 
of BaCOi was found as good as the costly Ba(OH).., 8 H ;0 which was 
practically unavailable at the time of experiment due to the prevailing 
war conditions. The neutralised filtrate was clarified by treatment with 
I per cent "Norit” charcoal. The pH was adjusted betw'een 7.4 and 

7.6 by NaOH and the nitrogen content was determined by microKjeldahl 
technique. 

(2) The method of White and Elman (8) for digesting casein only \Hth 

2.6 NH2SO4 acid was also used. The rest of the procedure after hydro- 
lysis was the same as in the case of combined acid hydrolysis except 
that the required quantity of NaCl had to be added separately to bring 
its concentration to 0.5 per cent in the final medium. 


Nitrogen Recovery at Different Periods of Digestion ; 


The rate and amount of hydrolysis, as also the recovery of nitrogen, depended 
not only on the period of digestion and the nature, quantity, and normality of 
the acid or acids used but also upon the arrangement of heating. It was noted 
that direct heating by a gas flame over a wire gauge was better than heating in a 
water bath, the latter being a little better than an ordinary electric stove. An 
interrupted heating arrangement did not, however, materially affect the final pro- 
duct but for a large scale production steam heating arrangement would be 
preferable.* 


By the combined acid mixture method the maximum recovery of total nitrogen 
was 97.6 per cent after 72 hours of digestion as against 79.2 per cent by the other 
process. Beyond this period there was slight reduction of total nitrogen recovered 
due to partial disintegration into ammonia. The amount of nitrogen lost due lo 
neutralisation and clarification varied between 10 to 16 per cent. It was least 


*Such a steam-heating arrangement in a large glass-lined hettles has since been inste ci 
at the Haflkine Institute, Bombay. The temperature of boiling with either process men lone 
above was about 99.5 °C but later, with the acid mixture slightly modi e y o cj 
adjusted itself to ioi.5°C allowing the effective period of digestion to be re ucet y 2,| lou 
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(10 per cent) tvhen the BaSO. precipitate tvas washed on the Buchner's funnel ,wth 
hot water. 

of Preci-pitable. Amh.o and. Ammonia Nitnogen in Relation to II, c Periods 

of Digestion. 

Since a protein-free medium was what was mured ““"oT nLIoTs 
precipitable at one-tliird, one-half, two nr s a amino-N in the 

estimated for various samples, each of which was jest^j 
minimum of time of digestion. The results are given m tables I H- 

table I 

Amoant of precipitable ”f 

percentage of total ^ Tct aJndLe. 


Period of 


digestion 
(in hours) 

33% 

50% 

I 

15.80 

22.80 

6 

9.10 

11.40 

12 

6. go 

9-30 

24 

5.01 

6.70 

48 

1.80 

3-24 

72 

0.28 

0.80 

96 

0,20 

0.52 

120 

Nil 

0.26 

144 


Nil 

16S 

.. 

■- 

iq2 

1 > 

»• 


NajSOj concentratton 

66 % 


27.20 

15.20 
10. So 

6.84 

3-36 

1.30 

0.70 

0.60 

Negligible 


100% 

45-30 

18.90 

13.00 

7.80 

3.82 

2.10 

0.84 

0.60 

0.40 

0.30 

0.26 


Amino-N 

(including 

NH,) 


34.20 

41-50 

46.70 

57-10 

63-30 

64.90 

66.40 

67-50 

65.80 

66.60 


Precipitable 
N Crude 
broth. 


19-50 

13.20 

7.20 

3-50 
1.90 
1 . 01 
0.70 

0.45 

0.30 

0.30 


Ammonia 


1.6 

2.3 

3-5 

4.0 

6.6 

7.6 

6.3 
6.9 


TABLE II 

•pr itUroocn expressed ns pcrceuingc of 
mount of precipitable, amino and t.p N-H-.SOa. 

total nitrogen according to the penod of d,gest,o ^ 


’eriod ol Heating 

ligestion arrangement, 

a hours) 


Na- SO. concentration 


Amino-N 

(including 

NIL 


Ammonia N 
percentage of 
XPN after 
neutmli^sation 




,, Over wire gauge 
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It will be seen from table I that the amount of amino-N increased progressively 
till 72 hours and thereafter, the progress slowed down and remained stationary 
after 120 hours (see chart i), the highest figure, 67.5 per cent, being reached 
after 144 hours of digestion. When the period of digestion is furtlier increased 
there is certain amount of disintegration of amino-acids as indicated by the increase 
in the yield of NHa-N. On the whole, there is no practical gain in the total amino- 
nitrogen after 72 hours. On the other hand, the amount of precipitable nitrogen 
which has a special bearing on the isolation of the specific protein substance of 
P. pestia, diminished progressively but it could not be completely removed even 
after 192 hours of digestion. At 33 per cent level of Na-SOj concentration there 
was no precipitable nitrogen after 120 hours and it was only ^ per cent after 
72 hours. At 50 per cent level it was not recoverable after 144 hours an.d was 
roughly I per cent after 120 hours, I per cent after 96 hours and 0.8 per cent 
after 72 hours of digestion. With full Na^SO. saturation of 144, 120, 96 and 72 
hours samples the figures are 0.4, 0.6, 0.84 and 2.1 per cent respectively 
(see chart II). 

On comparison of the figures given in table I with those in table II, it is seen 
that at all periods of digestion the amount of precipitable nitrogen is higher and 
amino-nitrogen slightly lower with 2.6 N H3SO, digestion than with the combined 
HCI + H2SO, mixture. Thus, the latter method was preferred for the preparation 
of crude casein hydrolysate. 


Chloride content of the hydrolysate'. 

In the HsSOi + HCl mixture the quantity of HQ was so adjusted that after 
neutralisation with NaOH, the NaQ content remained round about 0.5 per cent in 
the final medium containing 2.4 to 2.7 mg. of nitrogen /ml. The actual NaQ 
content of the final media prepared from the bases subjected to different periods of 
digestion ranged between 0.52 to 0.62 per cent. 


Tryptophane content of the hydrolysate-. 

It is known that tiyptophane, one of the amino-acids in the composition of 
casein, is destroyed during acid hydrolysis. Fortunately, this amino-acid though 
essential or the growth of the organisms like Bact. typhosum was not so for Past, 
pestis. Rao (9) also came to the same conclusion. However, White and 
Elman (8), in a preliminary work, suggested that hydrolysis with 2.6 N H-SOi for 6 
hours would liberate 60 per cent of amino-N and retain about 85 per cent of 
the tryptophane content, as tested by the method of Folin and Ciocalteu (10). In 
order that the medium could be more universally used several samples were tested 
after various periods of digestion by the above method as well as by the recent 
methods of Eckert (ii). The former gave a much higher reading than the latter 
which, however, gave more consistent result when compared against known con- 
trols. The results obtained at different periods of digestion are given in table III- 
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TABLE III 


Percentage of tryptophane recovered after different periods of digestion of casein 

x&ith 2.6 N H’SOu 


Period of digestion in hours. 


6 g 12 i8 24 48 

40-45,8 30.35 28-31 20.3-24.1 10.2-11.0 7-3-8.0 

Range of percentage 
of tryptophane 
recovered. 


The results in table II show that only 40-45 percent of tryptophane is retained 
after 6 hours digestion of casein with 2.6 N H-SOj and only 7 to 8 percent after 
48 hours, whereas the digestion carried out with H-SOt and HCl mixture for 
72 hours left only i.i to 1.5 percent of trytophane. 


Optimum nitrogeji value of casern hydrolysate : 

The average nitrogen value of ihe acid-digested mutton broth in which the 
Haffkine plague vaccine was being prepared was 2.3 to 2.5 per ml. To deter- 
mine the optimum nitrogen concentration required for a good growth of P. pestis 
in casein hydrolysate broth the nitrogen content was varied between 
I to 4 mg/ml keeping the other constituents undisturbed and the media were tested 
for 48 hours viable count. The result is shoivn in chart IV. It will be seen that 
there was a gradual rise of the viable count from i mg. to 4 mg. N samples but the 
curve flattened out beyond 3 mg N/ml, and the difference between 2.7 mg and 
3 mg N/ ml was not very significant. Since the NaCl content could be automati- 
cally adjusted to 0.5 percent at 2.7 mg. level of nitrogen per ml, this was taken 
as the optimum for the final medium in the succeeding experiments. 

In order to find out whether the above concentration of nitrogen would be 
sufficient for 4 weeks’ growth, flasks containing media were inoculated with 
P. pestis and incubated at for i, 2, 3 and 4 weeks respectively, removed at 

the end of each interval and the nitrogen consumed was calculated as follows: 
The growth in each flask was centrifuged off and the supernatant clarified through 
L= candle. The nitrogen per ml of the filtrate was estimated and the loss due to 
bacterial growth ascertained. The filtrate was then precipitated with Na-SO,, 
precipitate recovered, dialysed, dried and weighed (to the constant weight). From 
this the nitrogen lost due to the formation of specific soluble substance was 
estimated. The total nitrogen loss due to bacterial growth and specific substances 
for different periods of incubation was found to be as follows : At the end of i week 
— 0.58 mg., at the end of 2 weeks — 0.78 mg., at the end of 3 weeks 1.5 nig. and 
at the end of 4 weeks — 1.3 mg, i.e., 21.5, 28, 55.5 and 48 per cent respectively of the 
total nitrogen content. (Chart V). The maximum quantity of nitrogen used up 
was, therefore, only 55.5 per cent or 2.7 mg N/ml. available in the medium. Thus 
from this point of view al.=o the quantity of nitrogen was considered .sufficient. 
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It will be seen from table IV that the viable counts of virulent P. pestis increased 
gradually up to 72 hours digestion and did not change much till about 120 hours. 
Thereafter, the count showed a definite tendency towards a fall (see also Chart III) 
Thus 72 hours digest was tentatively chosen for further studies. 



Phosphorus content : 

The POi content of the nutrient and acid-digested mutton broths which were 
generally used for the growth of P. pestis were 0.52 mg and 0.23 mg/ml 
respectively, while that of crude casein hydrolysate was only 0.129 mg/ml. Thus, 
it was highest in nutrient broth and lowest in casein hydrolysate. The POi con- 
centration was, therefore, raised to 0.38 mg. /ml, a level intermediate between 
the other two broths, by adding anhydrous NaaHPOi and KH2PO1 to the medium 
in proportion of 0.4 mg and 0.13 mg/ml. The pPl was adjusted to 7 . 4 ' 7-6 by 
NaoH and the medium made iron-free by means of CaCh, 2H2O according to the 
method described by Mueller (13), so that the requirement of iron, if any, could 
be experimentally determined. Twenty one batches of 72 hours digest of casein 
hydrolysate prepared in the above way gave 48 hours viable count ranging between 
240 and 294 million per ml, the majoritv giving readings above 300 million and the 
average being 320 million per ml. 

The various nitrogen distribution of the three media, viz., acid-digested mutton 
broth, gelatin and casein hydrolysates, the last two being practically protein-free, 
have been analysed and the results given m t 
viable counts for comparison. 
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B. Nutritive supplement of the basal casein hydrolysate broth. 

The main purpose of this study was to evolve a protein-free medium which 
would give the best yield of the specific protein substance of plague bacillus in 
more or less pure form, the potency of which naturally depended upon the character 
of the antigenic quality of the growth of the organism in the medium. But as 
could be seen from above that as far as the growth is concerned the casein hydro- 
lysate basal medium did not come up to the expected standard compared to the 
efficiency of nutrient broth. Attempts were, therefore, made to improve the 
medium by the addition of certain nutritive supplement. Rao(9) found proline, 
phenylalanine and cystine as the three esential amino-acids for the growth of 
P. pestis. He (14) also noted that some of the complex compounds like haematin, 
cozymase, thiamin and nicotinic acid more or less stimulated the growth in a 
chemically defined medium. Recently. Duodoroff (15) in a similar study obtained 
heavy growth of P. pestis in a synthetic medium with glucose, small amount of 
cystine and phenylalanine and adequate aeration. The results were not, however, 
established by actual viable count, method as standardised by Sokhey (12). Casein 
hydrolysate contains the three essential amino-acids mentioned above, but in 
order to find out what other elements should be provided in the media a preliminary 
qualitative analysis of the virulent plague organism was carried out and the 
bacterial bodies gave positive reactions to C, H, N, 0 , P, S, and fat ; the ash 
gave positive test for Na, K, Mg and Ca, the last two in traces only. It was, 
therefore, to be seen whether some mineral compounds e.g., Fe, P, Mg, and 
vitamin, special amino-acids etc. would stimulate the growth of P. pestis when 
added to the casein hydrolysate basal medium and thus improve both quality and 
quantity of vaccine and the yield of the specific protective substance. At least, the 
growth (according to 48 hours viable count) should be equal to, if not exceeding 
that of the nutrie'nt broth. 


Minerals and other requirements oj the media : 

According to the analysis of bacterial bodies of P. pestis the elements C, H, N, 
0 , P and S could be supplied by the amino-acids contained in the casein-hydro- 
lysate. Na was available from NaCl as well as NasHPO, contents and K from 
KHjPOt added to the medium. It is required to be seen whether the traces of 
calcium needed could be met from the CaCh added for deferretion while the mag- 
nesium requirement was left to be determined experimentally. 


Iron and phosphates : 

Iron does not actually enter into the constitution of plague bacillus, but it gets 
into media during hydrolysis from various sources like commercial acids, crude 
BaCOa or even casein. It is removed by the method of deferretion. But it is 
known that iron salts can bring about a reduction of molecular oxygen in the culture 
medium similar to .that of sodium sulphite, CaSOi blood etc. or even act as a 
catalase. Also, Rao in his studies on the metabolism of plague bacillus founc 
haematin as an active compound that reduced the lag in the growt o p ague 
bacillus. Haematin is an iron prophyrin compound wit pyrroj’ , uc re anc 
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tional amount (varying between 0.005 mg. to o.i mg) of CaCU, 2 H =0 other than 
what is used for deferrction when tried in the presence or absence of iron did not 
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give encouraging result. On the contrary, the improvement eifected by iron and 
magnesium was adversely affected b” oHHNinn. 
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Effects of certain important amino-acids, tryptophane and cystine : 

Tryptophane is destroyed during hydrolysis of casein while Rao(9) added an 
extra amount of cystine (o.i mg/ml of 1-cystine) to the gelatine (hydrolysate 
medium to obtain better growth. Although casein normally contains more 
cystine (0.3%) than gelatin (0.17%), both the amino-acids were added either sepa- 
rately or in combination to test their effect on the viable count. It has seem that 
with O.I mg/ my of cystine, the optimum for gelatin hydrotysate the improvement 
of growih w'as negligble (7.5%) and no better effect w'as noted with even 10 times 
that dose. The same result w'as obtained wth tryptophane except with a dose as 
high as 2 mg/ ml giving an increase of 35.8 percent in the viable count but this 
could be obtained with iron (0.0004 mg/ml) alone, in the presence of which both 
cystine and tryptophane rather showed an adverse effect. Thus, neither of them 
was of help in the improvement of the basal medium. 

Effect of Liver Extract : 

Rao (14) indicated nicotinic acid as one of the growth stimulating agents for 
P. pestis in a chemically defined medium. Pimelic acid and p-alanine or panto- 
thenic acid have been found useful for the grow'th ad toxin production of some 
important bacteria. These substances are cheaply available in liver extract. It 
W'as therefore, thought w'orthw'hile to test its effect on the grow'th of P. pestis w'hen 
added in reasonably small amount to the casein hydrolysate basal medium. The 
results are given in Chart IX. 



The sample of liver extract (of an American firm) used in the hIk'ivo e.xperi- 
mont in doses of i mg/ml with 0.5 percent NaCl and 0.125 iierrent phosphates 
yielded 16S million per nil viable count in 48 hours at 2SX. Thus, liver cxtr.icl 
contains substahccs which by themselves could support the growth of phague nrc.-iiuTni 
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in presence of NaCl and phosphates. When added to casein hydrolysate base 
there was a progressive rise of the viable counts with increasing amount of liver 
extract from o.i mg to i mg/ml. As high as 157.8 percent increase was obtained 
with O.I percent liver extract. The alcoholic extract of liver prepared in the 
laboratory gave tlie same increase of growth when used in 0.2 percent amount. 
The effect of liver extract in presence of iron and magnesium salt was then tested. 
The results are given in table VII. 

TABLE VII 


Effect of varying doses of liver extract on the 4.8 hours viable count of P. pestis 
in casein hydrolysate medkim {pH y.4) containing different doses of iron 

and magnesium salts. 


No. 

Basal 

medium 

FeSo,. 7ILO 

MgSO„ 7H„0 

T iver Average 48 hours 
extract. 

million /iTij. 

Percentage 

increase 

T 

Lot IV 

— 

— 

— 

320 

— 

2 

f f 

.0004 mg/ ml. 

— 

— 

435 

35-9 

3 

1 » 

— 

0.5 mg/ml. 

— 

369 

23.0 

4 

1 1 

.0004 mg /ml. 

p p 

— 

470 

42.4 

5 

1 1 

— 

— 

0.5 mg /ml 

432 

350 

6 

> } 

.0001 mg/ml. 

— 

0.075 .. 

375 

17.2 

7 

) 1 

f P 

— 

O.I ,, 

420 

30.2 

8 

i » 

.0002 ml. 

■ — 

0.025 

385 

20.3 

9 

t» 

1 1 

— 

0.05 

440 

47-5 

10 

p p 

» 1 

— 

0.075 ,, 

452 

40.2 

II 

t p 

t » 

— 

O.I ,, 

508 

58-75 

12 

) p 

.0004 mg/ml. 

— 

0.05 

555 

73-4 

13 

1 p 

) p 

— 

O.I ,, 

655 

104.7 

14 

1 1 

.0002 mg /ml. 

0.25 mg/ml. 

0.05 

467 

46.0 

15 

,, 

p t 

0.5 

p p p * 

600 

87-5 

16 

Lot V 

— 

— 

— 

250 

— 

17 

» p 

.0002 mg /ml. 

0.25 mg/ml. 

O.I mg/ ml. 

or 0.2 ,, 

(locally prepared). 

430 

72.0 

18 

i p 

J t 

0.5 mg/ml. 

p 

490 

96.0 

19 

Lot XVI 

— 

— 

— 

240 

— 

20 

1 

.0004 mg /ml. 

0.5 mg/ml. 

O.I mg/ml. 

530 

120.4 


It will be seen from Table VII that the highest growth (120 percent) was 
obtained when 0.1 mg of liver extract was used in combination with 0.0002 mg of 
iron (Fe SOi, 7H2O). and 0.5 mg nf magnesium (MgSOi, 7H2O) per ml of the broth, 
while an increase of g6 percent was obtained by using 0.2 mg of laboratory, made 
alcoholic extract of liver in place of 0.1 mg of the purified American product. By 
reducing the liver extract to half (i.e. 0.05 mg/ml as in Expt. No. 15), for its more 
economical use, an increase of 87.5 percent in the growth was obtained. On the 
latter basis the total amount of liver extract needed for 10,000 litres would be 500 
grammes or, if 0.1 mg/ ml is used, 1000 grammes (roughly 2 lbs.). 

Composition of the Final Medium 

In accordance vath the results obtained in the above experiments the final 
medium was prepared as follows: 

Milk casein was hydrolysed by the combined HCl and HjSOi acid method of 
Mueller and Johnson (6) for 72 hours, neutralised, filtered and nitrogen content 
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estimated by microKjeldahl technique. To the filtrate 0.2 mg of anhydrous 
NajHPOi and 0.067 mg of KHsPOi were added per mg of N, followed by 0.04 mg 
of CaCh, 211 = 0 . The was adjusted between 7.4 and 7.6 with NaOH and the 
mixture heated for 5 minutes. ' The precipitate thus formed was filtered off through 
paper. The filtrate was then diluted to contain 2.7 mg N/ml and then MgSO<, 
7 H= 0 , FeSOi, 7H:0 and liver extract were added in doses of 0.5 0.0004 mg 

and o.i mg respectively per ml of the medium and the readjusted, if necessary. 
The medium was then distributed in flasks and sterilised in the autoclave at iio°C 
for 10 minutes. 


Rate of Growth of P. pestis and the Lag Period 

Perhaps the best criterion of a good medium for any organism is abundant 
growdh and the minimum or absence of lag period. To test the efficiency of casein 
hydrol3^ate broth in these respects samples of basal media with and without liver 
extract were inoculated with a kno\vn number of organism from an actively growing 
6 hours seed culture* and incubated at 28°C. Viable counts were made after 
varying inter\’als of incubation beginning from \ hour to 54 hours. A sample pro- 
tocol of the results obtained is given in table VIII. 


TABLE VIII 

The progress of groiath nof P. pestis in casein hydrolysate media in relation to the 

periods of incubation. 


Periods of in- 
cubation. 


Viable counts per ml. 


Casein hydrolysate 
basal. 


Casein hydrolysate 1 
with liver e.xtract. 


(seed) 

536 

420 

I hour 

— 

595 

I 

5S5 

645 


— 

915 

2 hours 

615 

1.005 

3 ■. 

750 

— 

6 ,, 

2,800 

4.450 

9 .. 

4.400 

— 

12 

8,000 

— 

15 

13.500 

— 

iS ,, 

28,500 

226,000 

21 

65,000 

— 

24 

155,000 

2,860,000 

27 

550,000 

— 

30 

850,000 

25,000,000 

33 

3,500,000 

— 

36 

7,700,000 

65.000,000 

39 •• 

16,700,000 

67,000.000 

42 

37,200,000 

106,000,000 

45 

63,000,000 

140,000,000 

48 .. 

48,000,000 

— 

51 

61,000,000 

157,000.000 

54 '■ 

107,500,000 

193,000,000 


• After two const'cutivc subcultures in nutrient bn)th at inleiA-als of -tS hours the third 
subculture in broth "n-s incubated for 6 hours at zS'C and was used as .a seed. Th>' sowing 
was done with o.t ihl. of 2 x to-’ dilution of this broth to 0.0 ml, of the c-Nperirnent.a! broth. 

6 
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The results given in table VIII show that casein hydrolysate basal medium 
yielded quite a fair amount of growth practically without .any. lag period. Only 
the count at 48 hours showed a little drop but the rate of growth was quite regular 
and its amount comparatively larger in the hydrolysate containing liver extract. 
The count did not, however, come up to the normal expectation, the tubes being 
disturbed many times for the purposes of viable count. Since the latter w'as done 
at shorter intervals in the earlier hours of the incubation, it is clearly seen that the 
lag period is completely absent. Thus, the medium could be considered as fully 
nutritive. The results obtained here further indicate that in a fully nutritive 
medium the so-called lag period is absent and thus raise an important question 
whether the lag period in bacterial growth is a true condition or not. 

Specific soluble protein of P. pestis in the casein hydrolysate medium 

(preliminary test) 

Since the chief object of a protein-free medium was the isolation of a specific 
soluble protein in a pure form from the culture of plague bacillus, it was necessary 
to find out the efiiciency of the casein hydrolysate in this respect. 

Four flasks of the hydrolysate containing the required amount of iron and 
magnesium and the minimum amount of liver extract (o.i mg/ ml) were inoculated 
with the seed culture of P. pedis and incubated at 28°C. The flasks were removed 
one at a time at successive intervals of one week. As the flasks were removed 
the contents were centrifuged and the supernatant clarified and made bacteria-free 
by passing through Ls candles. The filtrates were then separately saturated with 
NajSO^ at 37 °C and the precipitate collected upon a filter paper, dissolved in water 
and reprecipitated with NajSOj at full saturation. It was then taken up in water 
and dialysed till sulphate-free and finally dried in a desiccator over P2O5. The 
highest yield was from the sample removed at the end of 3 w'eeks. Each of them 
was then dissolved in 0.85 percent NaCl solution at p¥L 7. 2-7.4 so as to give i mg 
of the substance per ml. The actual dilution was determined by nitrogen estima- 
tion. Higher dilutions of the protein were made and o.i ml of each of these dilu- 
tions was mixed with 0.5 ml of i : 10 dilution of a potent antiplague horse serum 
(H 23), incubated at yj°Q for 2 hours and then left overnight in the refrigerator. 
The results, read next morning, are given in table IX. 

TABLE XI 

Results of precipitation reaction of the specific soluble protein of P. pestis against 

Haj, antiplague serum (z : 10) 


Protein from cul- Dilutions of specific protein (crude) 


incubated for 

4000 

8000 

16000 

32000 

64000 

128000 

I week 

+ + 

+ + 

+ ± 


4 - 

+ (f) 

2 weeks 

+ + + 

+ + + 

-t- + 

+ 

4 * 

+ (f) 

3 weeks 

+ + -t 

+ + ± 

4 — f* 

+ ± 

+ 

+ 

4 weeks 

+ + + 

+ + + 

+ + ± 

4 “ 4 * 

+ + 

+ 


It will be seen from table IX that the crude proteins isolated from the casein 
hydrolysate medium gave a specific precipitation reaction in fairly high dilution 
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of I 128000 and that there was very little qualitative difference amongst them 
due to the period of incubation. Thus this preliminary test gave highly encourag- 
ing results for the isolation of soluble specific protein from the plague bacillus. 

Comparative mouse-protective and toxic doses of the vaccines prepared in 

THE CASEIN HYDROLYSATE AND OTHER MEDIA 

The mouse-protective doses of the usual Haffkine broth vaccine and of vaccines 
prepared from the 3 days’ as well as 4 weeks’ growth in casein hydrolysate broth 
at 28°C and from the 3 days’ growth on agar at 37°C were estimated by Sokhey 
(ig, 20) at the Haffkine Institute, Bombay. The results are given in table X. 

TABLE X 

Mouse protective doses of the vaccines prepared and maintained in different ways. 


Types of vaccine Mouse protective doses. 


I. 

Haffkine broth vaccine. 4 weeks’ growth at 28°C, 



heat-killed (54 °C for 15 minutes) 

0.0065 

2. 

Casein hydrolysate broth vaccine, 4 weeks’ growth 



at 28 °C, 0.1% formalin killed 

0.004 ml. 

3 - 

stored at o°C for 8 months 

0.004 ml. 

4 - 

,, stored at 37 °C for 8 months 

0.004 ml. 

5 - 

Agar vaccine, 3 days’ growth at 37°C, heat-killed 
at 54°C 'for 15 minutes (1000 million organisms 


per, ml.) . 

0.0048 ml. 

6. 

,, stored te o°C for 8 months 

0.004 ml. 

7 - 

,, stored at 37'’C for 8 months 

0.006 ml. 

8. 

Casein hydrolysate broth — 3 'days’ growth at 28‘’C 



(1000 million per ml.) 

.0053 ml. 


From the results given table X, it is apparent that the vaccine prepared in 
the casein hydrolysate broth is more potent than the Haffkine broth vaccine and 
that the potency remains unaffected by storage at 37 °C for 8 months. Even three 
days' growth in this medium gives a smaller mouse-protective dose than the Haff- 
kine broth vaccine and nearly as good as the agar vaccine. 

Toxicity of different types of plague vaccine 

One of the objectionable features of the Haffkine plague vaccine has been its 
toxicity. As a matter of fact the original conception of potent vaccine was to 
depend upon its to.\ic action. The toxic dose of casein hydrolysate broth vaccine 
has been compared with that of agar-gro\ra and Haffkine broth vaccines and the 
results are given in table XL The toxic dose was taken to be the one which killed 
half the number of mice used. 

TABLE XI 

The toxicity and mouse protective doses of three different plague vaccines. 

Types of vaccine Mouse protective dose Toxic dose. 

Haffkine broth vaccine .ooG ml. 

C.isein hydroU’sate broth (1000 million 

organism per null 3 tlays’ growtli) -0053 ml 

,\j;ar vaccine (looo million organism per ml.) .oopS ml. 


0.2 ml. 

O..S ml. 
i.S ml 
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- - The toxicity of the casein hydrolysate broth vaccine is of low order. : The 
medium also gives negative biuret reaction and an intradermal injection does not 
produce any kind of reaction. 


Cost of Production 

The costs of production of the acid-digested mutto broth as was being used 
in the Haffkine Institute, Bombay and of the casein hydrolysate according to the 
market value of the ingredients (in 1942-43) were calculated for io»ooo litres, the 
then approximate annual requirement of the Institute. It was seen that even with 
the most expensive chemicals of C. P. American quality the cost of production of 
casein hydrolysate was almost half of what was being spent for the production of 
acid-digested mutton broth. Much labour and time sould also be saved by using 
P-fimdler glass-lined steam heater with condenser, of 100 or multiples of 100 litre 
capacity. Several of them are now being used in the Haffkine Institute but it in- 
volved a certain amount of capital lay out. 

Discussion 

The main object of the above investigation was to evolve a protein-free 
medium which would (i) give an abundant growth of virulent P. festis wth its 
full antigenic constituents, (2) facilitate the isolation of specified protein substance 
in a more or less pure form, and (3) effect an economy in the cost of production 
of antiplague vaccine. 

Although milk casein hydrolysed by the combined H2SO4 and HCl method 
of Mueller and Johnson (6) could not be made completely protein-free even after 
192 hours digestion the 72 hours digest yielded only 0.8 per cent of the total 
nitrogen precipitable as protein at 50 per cent saturation with NasSOi and the 
maximum recovery of nitrogen e.g. 97.6 per cent, of which about 63 per cent 
was in the form of amino-nitrogen. Parallel experiments carried out with the 
2.6 N H2SO1 digest of White and Elman (8) proved in many respects inferior to 
the combined acid treatment except in the matter of retaining some amount of 
tryptophane which, fortunately, is not an essential amino-acid for the growth 
of virulent P. pestis. Crude BaCO-. was found as efficient as Ba(OH)2, 8H2O for 
neutralising H2SO1 after digestion. 

The cost of . production was also found to be only half of what was being 
spent for the. acid-digested mutton broth at the Haffkine Institute, Bombay. 

The average 48 hours viable counts in the four media viz., acid-digested 
mutton broth, protein-free gelatin hydrolysate, protein-free casein hydrolysate basal 
medium and nutrient broth were 150, 160, 320 and 400 million per ml respectively. 
Thus compared to nutrient broth 72 hours casein hydrolysate basal medium nutri- 
tionally needed further improvement.- • 

A preliminary quantitative analysis revealed that the virulent P. pestis was 
composed of the following elements, viz., C, H, N, O, S, P, Na, K and traces of 
Mg and Ca. Although it is possible for the bacteria to synthesize certain -complex 
substances needed for the metabolism from the simple substances provided in the 
medium, the presence of all the elements, stated above, would perhaps be helpful. 
The casein hydrolysate, however, provided the three essential amino-acids viz,, 
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proline, phenylalanine and cystine, as studied by Rao (9), besides other amino- 
acids except tryptophane, thus supplying the elements C, H, O, N, S and P . The 
optimum nitrogen concentration was found to be around 2.. 7 mg/ml. which also 
allowed an automatic adjustment of its NaCl content to 0.5 to 0.6 per cent. 

Of the mineral requirements Na and K were provided in the form of NaCl, 
Na and K — ^phosphates and calcium was mainly added for deferrection. Iron, 
though not directly necessary, was probably helpful in controlling the oxygen 
tension in the same manner as sodium sulphite, blood, haematin etc. or may have 
some catalytic effect. It seems, however, that if in the crude medium the iron 
content was kept within the range of 0.0004 to 0.0008 mg. per ml. of the medium 
containing 2.7 mgN /ml. the step adopted for deferretion could be omitted and 
calcium could be reduced to one-tenth of the amount required for deferretion. Mg 
was supplied as MgSOh 7H.O which, in combination with FeS 04 , 7H2O, gave 
a 48 hours viable count of 450 million /ml. as against 400 million /ml. given by 
the nutrient broth. 

Alcoholic extract of liver (antiansemic factor), when added in as little an 
amount as 0.05 mg/ml. or o.i mg/ml. in the presence of iron and magnesium, 
increased the viable counts by go-120 per cent and the lag period was practically 
eliminated, the evidence of growth being apparent even within hour. It is not 
yet known which of the constituent or constituents in the liver extract actually 
stimulated the growth except the suggestion of nicotinic acid by Rao (14) and its 
probable iron sparing action as observed in the present studies. Further work 
in this line is, therefore, indicated. 

The yield of specific protein substance was also very encouraging ; the crude 
protein isolated from the supernatant of the growth of P. pestis in this medium 
for various periods gave positive precipitin reaction against a potent antiplague 
serum at a high dilution of 128,000. 

On the whole, the nutritive requirement of P. pestis seem to be simple amino- 
acids and some inorganic salts. Berkman (21) in his recent studies on the 
accessory growth factors for the grouTh of pasteurella group of organism came to 
the same conclusion although only laboratory strains were used and the technique 
was not standardised. Antiplague vaccines prepared in the casein hydrolysate 
broth in the Haffkine Institute have been found less toxic and more potent than 
hitlrerto prepared broth vaccine. It also possesses high keeping qualities and is 
thus eminently suited- for the preparation of plague vaccine. 

Summary 

1. A protein-free liquid medium prepared from commercial milk casein by 
H-SOi + HCl combined acid hydrolysis for 72 hours, neutralised by crude BaCO, 
and NaOH, and containing 0.5-0.6 per cent NaCl and 2.7 mg. of N/ml., yielded 
a fairly good growth of P. pestis, but as a basal medium the growth did not come 
up to the standard equal to that given by the nutrient broth. 

2. Supplementation witli a little mangesium and iron was necessary^ to bring 
the growth up to a standard which could compare favourably u-ith that of nutrient 
broth. A further improvement in the amount of growih .was obtained by th^ 
addition of a little quantity of liver extract. In this connection the doses of iror^ 
and phosphates have been discussed. 
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3. The final medium was prepared as follows: 

To casein hydrolysate crude base 0.2 mg. of Na 5 HP 04 and 0.06 mg. of KHjPOi 
were added followed by 0.04 mg. of CaCh, 2H20 per mg. of N/ml, The 
was adjusted to 7. 4-7. 6 by means of NaOH and tlie mixture heated for 5 minutes. 
The precipitate, thus formed, was removed by paper filtration and the concentrated 
hydrolysate was diluted to contain 2.7 mg. N/ml., and then MgS 04 , yHsO, FeS 04 , 
7H2O and liver extract w^ere added in doses of 0.5 mg., 0.0004 
respectively per ml. of the medium. The pld was readjusted if necessary and the 
medium distributed in flasks and sterilised in the autoclave at iio°C for 10 minutes. 

4. Such a medium not only eliminated the so-called lag period and effected 
an increase in the viable coUnt, being evident within half an hour from the time 
of inoculation, but also yielded an active specific soluble protein substance in the 
culture filtrate of the plague organism and thus opened up a fresh approach to 
the study of the subject. 

5. The plague vaccine prepared in the medium was found superior to Haffkine 
broth vaccine and was less toxic and possessed high keeping qualities. 
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The difficulties encountered in the enumeration of viable plague organism by 
the method of plating led Sokhey (i) I0 reinvestigate the problem of finding a 
suitable solid medium for the growth of P. pestis. Of the various media tried he 
found 5 per cent rabbit-blood agar as the best medium for the purpose, the optimal 
temperature for incubation being (2’ 3) only tentatively came to the 

same conclusion, as his findings were not supported by actual viable count under 
standardised conditions. 

Casein hydrolysate broth as standardised by Seal and Mukherji (4, 5) proved 
fully nutritive and so also was the nutrient broth. But the latter did not prove 
so efficient when it was made into a solid medium by the addition of agar. On 
the other hand, a solid medium to replace blood agar would eliminate the trouble 
of procuring rabbit’s blood on a large scale. Besides, the vaccine prepared from 
the organisms grovm on rabbit-blood agar could not be used with impunity either 
for human immunisation or for the production of antiplaguc serum in horses. 
Casein h5'drolysate agar was, therefore, prepared to test its efficiency for the powth 
of P. pestis so that, if found suitable, it could be used (i) as a solid medium to 
replace blood agar for (a) colony count, (6) preservation of virulent P. pesUs, 
(c) preparation of bacterial suspension for quantitative agglutination, virulence and 
animal protection tests and (d) preparation of antiplague vaccine. It vould also 
(2) facilitate the study of the chemical antigenic structure of the plague organism 
namely, specific proteins (from the autolysates) and pol^-sacchariclcs. The results 
obtained arc presented below: 

♦This was caried out in at the H.ifikinc ln<-titute, Boinlxay .and w.i-- jnx'cnt<a 5 

bt'forc die 37tli Session of the Indian Science Congress .Association. In-ld .at Poona 
l.aniiaiT, 1950 - 
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Experimental 


Preparation of the medium 

To a litre of casein hydrolysate basal medium, neutralised, clarified and diluted 
to contain 2.7 mg. of nitrogen per ml., 0.2 g. of anhydrous NaJIPO. and 0.06 g. 
of anhydrous KH2PO4 were added followed by 0.04 g. of CaCU, 2H2O (in the form 
of 10% CaCh, 2H2O) and the adjusted to 7.4 -7.6 with concentrated NaOH ; 
the mixture was heated for 5 minutes and the precipitates, thus formed, removed 
by filtration through paper ; then 0.5 g. of MgSOj, 7 H ..0 and 0.4 mg. of FeSO^, 
7H2O (0.4 ml. of o.i per cent solution) were added followed by o.i g. of purified 
liver extract or 0.2 g. of crude alcoholic extract of liver (prepared in the 
Laboratory). 

To the above broth 25 g. of agar were added and dissolved by steaming. The 
pYL was adjusted to 7. 4-7. 6 and the mixture was distributed in Roux bottles, 
Legroux tubes or test tubes, as necessary, sterilised in an autoclave at iio°C for 
not more than 20 minutes and slanted for solidification. The prepared media 
were then placed in the hot room (37.5 °C) overnight to test their sterility. Final 
sterilisation needed careful supervision as over-heating at a higher temperature or 
for a longer period resulted in the deterioration of its efficiency. The layer of the 
medium of Roux bottles should neither be too thick nor too thin. An amount 
between 150 to 200 ml. was found suitable to meet the requirement. 

Experipiental Procedures 

Two strains, 139 /L and 337 /L of P. pestis, isolated from human cases of 
bubonic plague in 1940 at Latur, Hyderabad State, and maintained in the refrigerator 
as the first subculture of rabbit-blood agar, in a sealed condition, were used. The 
organisms were highly virulent requiring only 6 to 7 organisms to kill 80 per cent 
of the Haffkine Institute-bred mice in 7 days. 

I * t 

Inoculation of Legroux Tubes For Viable Cormts 

The same procedure as adopted by Sokhey (i, 6) was employed. Seven pro- 
gressive tenth dilutions were made from a standard 48 hours broth culture: of 
P. pestis, 139 /L at 28 “C, and Legroux tubes, 4 in each series, containing rabbit- 
blood agar, casein hydroloysate agar or nutrient agar were each seeded with 0.05 ml. 
of lO"' and ^ x lO"” dilutions of the culture in separate series. They were then in-, 
cubated at 37.5°C for 72 hours. 

Inoculation of Roux Bottles 

The Roux bottles containing casein hydrolysate agar or nutrient agar were 
inoculated with 12-15 oal. of 48 hours seed culture made in casein hydrolysate broth 
either in separate test tubes or in the Haffkine balloon flask of 250, 500 or 1 litre 
capacity. The bacterial suspension was well spread over the surface of the rhedia 
and the bottles incubated at 37.5°C for 48 hours with agar surface on the top^ so 
that the excess of broth left over after spreading the -inoculum on the agar surface’ 
could supply the moisture needed for giving a heavy growth. The casein hydroly- 
sate agar in Legroux and test tubes was used in the same way as blood agar by, 
Sokhey (i, 6). 



CASEIN HYDROLYSATE SOLID MEDIU.M FOR P. PESTIS 


lOI 


Results 


Growth In Roux Bottles 

The growth in 25 Roux bottles inoculated and incubated in the above manner 
was washed with physiological salt solution. Altogether 10 litre of emulsion of 
1,000 million/ml. was obtained i.e. equivalent to 10,000 doses of agar-grown 

vaccine of 1000 million organisms per ml. 

■ The total amount of casein hydrolysate broth used for 25 flasks was 3750 ml. 
in which 93.75 §■ of agar was added. When broth alone was inoculated and in- 
cubated for 72 hours, it yielded 1000 million organisms per ml (Sokhey, 7) i-®-' 
3750 doses of vaccine of the above strength. In other words, the total yield was- 
more than 2 i times more in the casein hj^drolysate agar than in the broth. 

This yield was found much more favourable when it was compared with the 
yield of vaccine in nutrient agar. From 600 ml. of casein hydrolysate broth 600,000 
million (i.e. equal surface area) yielded 160,000 million organisms or only 160 doses 
of 1000 million/ml. (Sokhey, 7)- other words, the total yield expected from 
3750 -ml of nutrient agar was only 1000 doses of vaccine of the above strength as 
against 10,000 doses in casein hydrolysate agar. Accordingly, the latter was 10 
times more efficient than the nutrient agar. 

As the results were found encouraging this medium was later used in place of 
rabbit-blood agar for growing plague organisms to carry out immunization,’ 
absorption, cross-absorption and agglutination tests and to study their specific 
proteins and polysaccharides from the autolysates with good results, to be reported 
in subsequent communications. 

Viable count of P. pestis in casein hydrolysate agar 

Since 5 per cent rabbit-blood agar gave consistent viable counts at a dilution 
of 10'® of the 48 hours growth of P. pestic in nutrient broth at 28 C three dilutions, 
namely lo-'- lo'^' and 0.5 x io-« were used for comparing the efficiency of Oasein 
hydrolysate agar with that of rabbit-blood agar. The results are given in table I. 

TABLE 1 


Viable counts* of P- P<^stis on casein hydrolyratc agar compared with those on 

rabbit-blood agar. 


.1 <’ 


Average number of colonies per tube in the 
dilutions used. 


Mediuni 

IO-'‘ 

10-^ 

0.5 X 10-' 

trifi't agar 

Iwdrolysnte agar 

Nil 

Nil 

Nil 

12S 

•1 

10 

8 

0 

Kabbit-blond agar 

HI 

— 

*.\vorr»pt* of at 

I omint.';. 



p will bo scon from table I that the average colony count obtained in the 
Acin hydrolysate agar is ncari}' as good as in the 5 per cent rabbit-blood agar and 
V' dic best so far obtained without blood or .senun in the media. Xovertheless, 
there is sdh room for further impmvemeni. 
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Discussion 

The difflcuUics of growinf Pasleurella pcsik on solid medium other than 
Ihc ciimcuiucb b b onfiopnic oroperties were overcome by the 

or serum 'vithout 8 P ^P^^ the 

introduclion of b„ .^jed out in the minimum of time and 

sterilisation of the mod, urn *h.ch should named om 

under minimum ““ 2+ times that obtained in casein hydrolysate 

that obtained on nutnen g approximate those given 

broth. The vtable counts nrade on th'= ,„,d up 

:';:^^rntr -it "aHous purposes stated at the outset. 


Summary 


•„ hvdrolvsatc agar medium prepared by additing 2.5 per cent agar 
The casei y drolysate broth containing o.ol per cent liver extract 

,0 the standardised ca y p ,„d allied 

forms a “nv^ien^ a g distributed in the container, 

organisms. Afte § exceeding 10 pounds for 20 minutes in 

a temperature for final sterilisation. 

m lib^us utiUties of the medium have been indicated, though there is still 
scope to improve it for a more generalised use. 
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